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This application constitutes a continuation~in-part re 
placement of my former copending application Serial No. 
744,675 which was ?led on June 26, 1958, and which 
has now been abandoned. 

This invention relates, in general, to the chemistry of 
coloring and involves improvements in the dyeing, print 
ing, and pigmenting, i.e., coloration by dyeing or printing 
with pigments, of a variety of substrate materials includ 
ing substances of natural organic origin, as well as man~ 
made materials from organic and inorganic sources. More 
particularly, the invention is concerned with both process 
and composition of matter improvements resulting, in 
part, from my discovery that aminoalkyl silicon com 
pounds constitute a unique class of coloring assistants 
which can be used in conjunction with diverse coloring 
agents of the dyestuff and pigment types to impart im 
proved coloring and ancillary properties to numerous sub 
strate materials from among the classes enumerated 
above. In a more speci?c sense, the invention contem 
plates the provision of improved coloring processes and 
certain novel coloring compositions which are based on 
the unique color-affinity, for pigments of both natural and 
synthetic origin as well as anionic dyestuffs, or dyestuffs 
which are rendered anionic in use, that can be imparted- 
through pretreatment with, and/ or concurrent use within 
the coloring media of aminoalkyl silicon compounds-to 
solid and ?brous substrata including, among others: 

(1) Materials of normally good substantivity or a?‘in 
ity for conventional coloring agents, such as natural ? 
brous substrata derived from animal and vegetable ?bers 
including silk, wool, cotton, hemp, jute, etc., and semi 
synthetic ?bers from natural raw materials such as the 
rayons, casein ?bers, etc.; whereby enhanced use of at 
least some of the existing coloring agents for these ma 
terials can be realized, as well as wider use of certain 
other coloring agents which have heretofore found only 
limited acceptance in connection with the coloring of 
these substrata as, for example, pigment dyes and the . 
like; and 

(2) Normally dif?cultly colorable substrata, including, 
(A) natural ?brous materials such as leather and asbestos 
?bers; (B) natural solid substrata including inorganic ox 
ides in pulverant or laminate forms such as silica, titanium . 
dioxide, quartz, mica, diatomaceous earth, siliceous 
sands and gravels, etc., and metallic substrata contain 
ing similar spontaneously-formed insoluble oxide surface 
layers; (C) semisynthetic ?brous materials including glass 
?bers and aluminum silicate ?bers; (D) synthetic ?brous 
substrata, mono?laments and continuous yarns from 
?bers such as the synthetic linear polyamides polyacrylo 
nitriles, polyacrylonitriles modi?ed with vinyl acetate, co 
polymers of acrylonitrile and vinyl chloride, copolymers 
of vinyl chloride ‘and vinyl acetate, polymers of tetra'_ 
?uoroethylene, the polyester ?bers and polyethylene ?bers; 
and (E) mixed or blended ?brous substrata produced by 
spinning combinations of selected natural, semisynthetic 
and synthetic ?bers from among the above-enumerated 
?brous materials including, for example, polyacrylonitrile 
wool, synthetic linear polyamide-wool, polyacrylonitrile 
rayon, viscose rayon-acrylonitrile and vinyl chloride poly 

IO 

20 

30 

35 

40 

45 

1 3,545,909 
Patented Dec. 8, 1970 ICC 

2 
mer, polyester-cotton, polyester-synthetic linear polyam 
ide, etc., (see Fieser and Fieser’s Organic Chemistry [3rd 
Ed.], New York, Reinhold Publishing Corporation [1956] 
pp. 857~862 for more detailed information relating to the 
synthetic ?bers hereinbefore discussed); whereby en 
hanced coloration of such substrata can be’ effected by 
relatively simple techniques and through use of a great 
variety of coloring agents which are presently viewed as 
being substantially non-substantive or non-a?initative 
towards these materials. . 

Quite naturally, the process and compositions of the 
invention ?nd their most signi?cant applications in the 
coloring of substrate materials which are classi?ed under 
group (2) above, namely those materials which are most 
difficultly colorable from the standpoint of presently 
known techniques. Among this group of materials, it may 
be said that the greatest demand for improvement from 
the standpoint of both necessity and potential use exists 
with respect to the materials of subgroups (C), (D) and 
(E), and notably, (I) ?brous glass products from among 
the known materials of subgroup (C), (II) virtually all 
of the fully synthetic linear polymeric and copolymeric 
organic ?bers of subgroup (D) ‘whose hydrophobic nature 
is perhaps their most pronounced characteristic and one 
of the greatest annoyance to the dyer and ?nisher; and 
(III) the commonly produced textile blends of synthetic 
?bers with both natural and other man-made ?bers of 
subgroup (E). Accordingly, the major portion of the tech— 
nological data presented hereinafter has been directed to 
the speci?c applications of the unique coloring assistants 
of my invention to the coloring of these “problem” sub 
strata. 

Signi?cantly, glass ?ber products including cloth,, mat, 
roving, yarn, and chopped strands as employed for rein 
forcing applications, represent the most di?icultly color 
able materials in use today by the textile and allied in 
dustries. That is to say, there are no known coloring 
agents which exhibit natural affinity towards these ma 
terials, but existing coloring techniques are largely based 
on the use of vairous types of coloring assistants includ 
ing protein-type sizes, or resin-bonded pigments. By far 
the ‘greatest percentage of colored glass fabrics manu 
factured today are colored by use of print pastes incor 
porating water- or oil-dispersible pigment colors in com 
bination with water- or oil-soluble synthetic resinous bond 
ing agentsaOf course, the coloring effects obtainable un 

’ der these conditions are relatively limited, whereas the 
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processing costs are substantially higher than those en 
countered in competitive textile ?elds. 

In contrast to the foregoing, I have found that it is 
entirely possible to dye and print ?ber glass textiles and 
similar ?ber glass substrata wtih most of the conventional 
textile dyestuffs now in use, as well as certain newer 
types of textile dyestuffs, such as the so-called “cellulose 
?ber reactive” dyes, and to effect similar coloration of 
such substrata through use of organic and inorganic pig 
ments, either by suitably pretreating the ?ber glass with 
an aminoalkyl silicone coloring assistant, or by the si 
multaneous application of the dyestuif or pigment and 
aminoalkyl silicone to the ?ber glass from suitable aque 
ous solutions, dispersions or emulsions, depending on the 
particular solubility characteristics of the coloring agent 
and coloring assistant employed. Even more surprising 
is the fact that these effects can be produced by use of 
normal plant dyeing and printing equipment, and that no 
highly unstable compounds, drastic conditions of reac 
tion, or unorthodox solvents are required. _ 

In the ?eld of synthetic organic ?bers, the most notable 
recent advance in coloring techniques is that of pressure 
dyeing which permits the application of temperatures 
above the boiling point of water by simply placing the 
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entire dyeing system under pressure, thereby aiding in 
diffusing the dyes into the ?bers, and permitting the pro 
duction of deeper shades over shorter dyeing cycles. This 
technique is inherently expensive, however, since it re 
quires the use of special equipment such as pressure ves 
sels and related control apparatus. Other recently pro 
posed dyeing processes for the synthetic organic ?bers 
have advocated use of various solvent systems either with 
or without an aqueous medium, special cationic dyestuffs, 
metallic complexes, and the application of ultrasonic 
waves. Most of these proposals have met with only lim 
ited acceptance, however, for the simple reason that they 
are not directly amendable to existing shop installations 
and practices. 
The problems of the dyer have been further aggravated 

by the fact that the majority of the synthetic organic ?bers 
are used in blends with natural ?bers. The extreme hydro 
phobic nature of the synthetic components of such blends 
renders many of the established textile auxiliaries less 
useful or entirely useless, since they were developed for, 
and intended for use on natural ?brous substrata within 
aqueous processing systems. Continued research on this 
problem has resulted in the development of a great many 
new auxiliaries or coloring assistants, but these advances 
have been largely restricted to specialty items, and many 
are limited to use in connection with the synthetic ?ber 
products of a particular manufacturer. Seemingly, the 
best indication of the current status of technology with 
respect to the coloring of synthetics and blended textiles 
containing synthetic components, may be had by ref 
erence to the great many new polymeric and copolymeric 
?bers which are under development by industry in a 
continuing effort to produce more readily colorable ma 
terials, among other sought-after properties, 

In their application to the coloring of the hydrophobic 
synthetic ?bres, the processing techniques of my inven 
tion may be employed to promote increased affinity of 
a particular type of ?ber towards a conventional anionic 
dyestuif applied under presently practiced operating con 
ditions, whereby increased depth of color, or brilliance, 
or shorter dyeing times can be achieved, for example, or, 
the aminoalkyl silicone coloring assistants may be em 
ployed to render an otherwise normally non-af?nitative 
?ber amenable to coloration with a selected dyestuff or 
pigment under conditions usually encountered in the 
application of the dyestuff or pigment to regular textile 
substrata. For example, a dispersion or emulsion of a 
water-insoluble pigment and an aminoalkyl silicone can 
be applied by conventional pigment printing or dyeing 
techniques to achieve uniform levelling with blended » 
textiles containing natural and synthetic ?bers, or, a 
cellulose ?ber-reactive dyestuff, which normally has ab 
solutely no affinity towards the synthetic ?bers, can be 
employed to produce excellent shades of fast colors by 
reaction of the dyestuff with the synthetic substrate fol 
lowing a suitable preliminary treatment of the same with 
an aminoalkyl silicone, or by the simultaneous application 
of the dyestuff and aminoalkyl silicone from aqueous 
solutions. Alternatively, the aminoalkyl silicone coloring 
assistants may be employed to effect spin-dyeing of the 
synthetic ?bers, or they may be incorporated directly into 
a polymeric spinning mixture to introduce dyeable sites 
into the ?ber during the actual printing operation. 
The processes of the invention may be employed, also, 

to‘ effect coloration of normally difficult colorable inor 
ganic oxides and similar inorganic substrata, other than 
glass ?bers by the application thereto of standard textile 
dyes and pigment colors. Thus, apart from the direct 
utility for colored substrata of this category as ?ller ma 
terials and the like, it becomes possible to apply conven 
tional organic dyestuffs to white inorganic water-insoluble 
pigments such as titanium dioxide, silica, calcium carbon 
ate, alumina, aluminum silicate, etc., to produce rela 
tively inexpensive colored pigments, wherein the major 
portion of the Weight of the pigment is constituted by 
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4 
a low-cost inorganic oxide with minor proportions con 
sisting of an aminoalkyl silicone and an organic tex 
tile-type dyestuff. Synthetic pigments of this type ?nd 
direct utility in textile printing and dyeing applications, 
or as coloring agents in paints, enamels and printing inks, 
and as colored ?llers for plastics and rubbers. Naturally, 
such organic-modi?ed materials are more compatible 
with the synthetic rubbers and plastics than are the in 
organic ?llers, and serve to promote improved adhesion, 
reduction in mixing times, etc. Analogous aminoalkyl 
silicone-dyeing procedures can be carried out with in 
organic substrata of larger particle sizes such as clays, 
sands, gravels, and cements for structural uses or for 
novelty products. In addition, the processes of the in 
vention may be employed to effect coloration of metallic 
substrata such as tin, iron, aluminum, zinc, manganese, 
titanium, chromium, etc., apparently by reason of the 
similar insoluble oxidic surface coatings which form spon 
taneously on these elemental metallic materials. 
As stated hereinbefore, the aminoalkyl silicon color 

ing assistants may be applied in the form of a pre-treat 
ment to condition the desired substrate for a subsequent 
coloring operation, i.e., to introduce dyeable sites onto 
a normally non-a?initative material, or they may be used 
to promote dyeability of a substrate from direct admix 
ture with the coloring agent during the normal dyeing 
or printing operation. The actual choice of procedures 
in this connection will depend upon a number of factors 
peculiar to existing plant installations and conventions, 
and to the particular characteristics of the coloring agent, 
coloring assistant and substrate involved, including, for 
example, the mutual solubility characteristics of the 
coloring agent, and coloring assistant, the physical 
nature and form of the substrate to be colored, 
the recommended processing techniques normally re 
quired for most efficient utilization of the dyestuff or 
pigment, and the pressure or absence of auxiliaries such 
as levelling agents or coloring catalysts within the color 
ing medium, among other factors. While most coloring 
operations can be suitably modi?ed to permit either type 
of treatment, it is found that one method will usually 
be superior to the other for each class of coloring agents, 
substrata, etc. For example, in effecting coloration of 
?berglass substrata through use of conventional textile 
dyestuffs, I ?nd it to be most convenient to apply the 
aminoalkyl silicon dye assistant to the ?ber glass in 
advance of the actual dyeing process, although good 
affinity for most dyestuffs of this type can also be ob 
tained by use of the combinedtreatment. On the other 
hand, in the application of insoluble pigment colors for 
dyeing or printing the same type of substrate, it is most 
convenient to apply the coloring assistant during the 
dyeing or printing Operation from a conventional pig 
ment dispersion or emulsion. 

In actual practice of my invention when treating sub 
strate materials with the aminoalkyl silicon coloring as 
sistants prior to the coloring process, it is highly desirable, 
from an economical and practical standpoint, to elfect 
treatment of the substrate material by a simple immersion 
operation within a suitable aqueous solution of the amino 
alkyl silicone, but it is entirely possible, and practical, 
to accomplish the requisite loading by spraying or pad 
ding techniques or by any other means normally em 
ployed in industry. If necessary or desirable, the amino 
alkyl silicone can be solubilized beyond its normal solu 
bility in pure aqueous solutions through use of acid, 
neutral or alkaline solutions, or emulsions of the color 
ing assistants can be employed with entirely satisfactory 
results. Enhanced solubilization of the aminoalkyl sili 
cone coloring assistants may also be effected by salt 
formation, or by direct chemical modi?cation of the 
base compounds to introduce solubilizing groups, such 
as by hydroxy ethylation, and the like. The use of solvent 
systems is particularly desirable when dealing with sub 
strate materials of the highly hydrophobic type in order 
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to avoid “ring-dyed” effects. In point of fact, virtually 
any solvent system which is substantially non-reactive 
with the aminoalkyl silicones can be employed to pro 
mote more uniform distribution or dispersion of the 
coloring assistant onto the substrate material. In addi 
tion, most of the commercially available wetting agents 
normally used within the coloring industries can be em 
ployed to further promote enhanced dispersion of the 
vsilicones. 
Among the speci?c solvents which have been employed 

with success are included the aliphatic oxygen-containing 
compounds such as the alkanols and the ether alcohols, 
such as ethanol, propanol, isopropanol, methoxyethanol, 
ethoxyethanol, and the like. In addition, monobasic acids 
such as formic, acetic and propionic acids are excellent 
solubilizing agents for the aminoalkyl silicones. Included 
as monobasic acids, such as, lactic acid, gluconic acid, 
glycolic acid, other hydroxy carboxylic acids are suitable 
for use as solubilizing agents and provide improved ?x 
ing properties. Other carboxylic acids, such as, diglycolic 
acid, can also be used. Mineral acids may also be em 
ployed, as may the standard aromatic hydrocarbon sol 
vents such as benzene, toluene, xylene and the like, but 
these solubilizing agents are not as preferred for general 
use as are the simple aqueous systems or the aqueous 
alcoholic and monobasic acid-modi?ed aqueous solvent 
systems. Lastly, the coloring assistants may also be 
deposited from aqueous alkaline solution. In actual prac_ 
tice, I have found that an aqueous system comprised of 
from about 40 to 60 parts water and from about 40 to 60 
parts of an organic alcohol such as ethanol or isopropanol, 
and containing approximately ?ve percent (5%) by vol 
ume of a monobasic acid such as acetic acid, provides 
an excellent medium for solubilizing and dispersing the 
aminoalkyl silicone coloring assistants onto virtually any 
substrate material from among the general class described 
hereinbefore. 
The concentration of the aminoalkyl silicone coloring 

assistants contained within pre-treatment solutions of the 
foregoing type is found to be relatively non-critical from 
the stand-point of establishing dyeable sites on the vari 
ous substrata, including even the most di?iculty colorable 
materials such as ?berglass. Thus, for example, as es 
tablished by the experimental data presented hereinafter, 
an increase in solution concentration of from 3 to 9 per 
cent by weight of aminoalkyl silicone solids, representing 
an increase of from approximately 0.75 to 2.25 percent 
by weight of the silicone solids actually deposited from 
the solutions onto a glass cloth substrate, produced little 
or no change in the coloring effects realized when the 
glass cloths were subsequently subjected to dyeing op 
erations with various types of conventional textile dyes. 
In general, I have found that solution concentrations of 
the aminoalkyl silicone solids ranging from approximately 
one percent to ?ve percent (1-5 %) by weight, are ade 
quate ‘for most coloring applications, assuming, for ex 
ample, that the percentage wet pick-up on the substrata 
prior to drying will ‘be within the range of from approxi 
mately 10 to 60 percent; depending, of course, on the 
relative hydrophobic or hydrophilic nature of the vari 
ous substrate materials. Thus, assuming conditions of 
minimal wet pick-up at a solution concentration of 5.0 
percent, the deposited solids would be of the order of 0.5 
percent, whereas under conditions of maximum wet pick 
up and a solids concentratiton in solution of 1.0 percent, 
the deposited solids would be of an equivalent magnitude. 
By suitably adjusting the solution concentrations in ac 
cordance with the wet pick-up characteristics for a par 
ticular substrate undergoing treatment, it is relatively sim 
ple to adjust the pre-treatment solution to an opimum 
concentratiton for the coloring agent employed. In a simi 
lar manner, the concentration of the aminoalkyl silicones 
can be varied to produce variations in depth of shade and 
the like. In printing applications, owing to the fact that 
the concentration of dyestulf as applied to the subsrate is 
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many times higher than theaverage concentration of the 
dyestulf used in dyeing, it is usually possible to employ 
extremely dilute concentrations of the aminoalkyl silicone 
coloring assistants in the pre-treatment of substrate ma 
terials intended for printing. These factors are well known 
to experienced dyers and ?nishers who must adjust the 
relative concentratitons of most known auxiliaries and 
coloring assistants to meet the exigencies of many varied 
dyeing and printing applications, and, accordingly, it is 
not believed to be necessary to comment further on such 
variables for purposes of this disclosure. 

In the single-bath type of treatment, i.e., the simultane 
ous application of the aminoalkyl silicone coloring as 
sistant and coloring agent to substrate materials, Whether 
from dye baths, emulsions, or dispersions of insoluble 
coloring agents of the type of pigment colors and vat dyes, 
the concentration of the coloring assistant is controlled 
in much the same manner as for the pretreatment process 
described above. Thus, the relative concentration of color 
ing assistant within the particular coloring medium em 
ployed is adjusted to provide for deposition on the sub 
strate of a predetermined percentage of silicone solids 
during the dyeing or printing cycle. In general, the deposi 
tion of a solids concentration within the range of from 
approximately 0.25 percent to approximately 3.0 percent 
will insure adequate colorability of all of the various sub 
strate materials by the ditferent coloring agents which can 
be employed in the practice of the invention. 

In the application of the pre-treatment method for 
utilizing the coloring assistants of the invention, it is 
desirable to effect forced drying of the aminoalkyl silicone 
deposits by heating the substrate material at an elevated 
temperature after it has been removed from the treatment 
soluion, or otherwise processed to deposit the desired 
coloring assistant thereon, although simple air-dried sub 
strata have also been colored to produce solid shades of 
good permanence. -It is believed that such drying of the 
treated substrata at elevated temperatures effectively 
“cures” the deposited silicone to the substrate, or, more 
concisely, the deposit is ?xed or bonded to the substrate 
by the heating operation. In this connection, it should be 
stated that the exact mechanism or mechanisms of the 
coloring phenomena of my invention are not known, al~ 
though certain postulations and theories on these effects 
are advanced hereinafter; nor is the nature of the sub 
strate-silicone reaction, if any, on deposition and curing, 
entirely understood. It is assumed, however, that the 
mechanism involves something more than simple surface 
coating, and that at least limited penetration, absorption, 
or “depth of reaction,” so to speak, occurs between the 
substrata and coloring assistants. This is evidenced, for 
example, by the fact that in subsequent coloring opera 
tions ‘with synthetic ?brous materials of the types de 
scribed, some penetration of the ?bers by the relatively 
large dye molecules takes place, since evidence of simple 
ring-dyeing cannot be detected upon subsequent examina 
tion of the ?bers, but rather, relatively good distribution 
of the dyestulf across the ?bers is effected under most 
conditions of operation. For this reason, it is to be under~ 
stood that the references to “deposits” or “coatings” or 
“applications” as used herein and in the appended claims, 
having reference to the substrate-silicone systems, are not 
to be construed as limitations to a simple surface phe 
nomenon. 

Drying and curing of the aminoalkyl silicone deposits 
can be effected at room temperature over protracted pe 
riods or by heating the pre-treated substrate materials 
at higher temperatures for relatively shorter periods of 
time. Actually, time and temperature are inversely re 
lated in the curing mechanism, such that it is entirely 
possible to effect “?ash” cures within a matter of seconds, 
provided the particular substrate material will withstand 
the higher temperatures required for such cures. In actual 
practice, however, I prefer to operate at curing tempera 
tures within the range of from ZOO-350° F., over periods 
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ranging anywhere from a few minutes to one-half hour 
for substrate materials of pronounced hydrophobicity, 
whereas proportionately longer drying and curing cycles 
may be required for the more hydrophilic substrates, and 
particularly substrata of the pulverulent or ?nely-divided 
types, such as organic oxides and the like. In effecting dry 
ing of the latter forms of substrate materials, it is usually 
advantageous to employ a ?uid-bed type drier or an equiv 
alent unit capable of preventing undue caking of the 
materials. When the single-bath type of treatment is 
practiced, the necessary drying and curing operations are 
usually effected as an incident to the heating cycles re 
quired for the normal dyeing or printing processes, but 
the heat treatment can be practiced as a separate step 
following a normal dyeing or printing process. 
The coloring agents which can be employed in the 

practice of my invention include the organic and in 
organic pigments, and dyestuffs of the anionic type, i.e., 
dyes which contain an acidic substituent, or their neu 
tralized equivalents, as well as such dyes containing metal 
in complex union, and dyes having substrate-reactive 
groups such as halogen atoms; as distinguished from basic 
or cationic dyestuffs which contain amino groups and 
the so-called “dispersed dyes” which are largely insolu 
ble aminoazo or hydroxazo derivatives. The term “anionic 
dyestuffs’ ’is intended to include those dyestuffs which are 
customarily rendered anionic in use, as, for example, vat 
dyestuffs which become anionic when reduced during the 
dyeing proces, and similar “functionally anionic” dye 
stuffs which might be supplied in a neutralized form for 
eventual conversion during use. Speci?c classes of anionic 
dyestuffs which I have successfully employed for deep 
dyeing and printing operations in conjunction with the 
aminoalkyl silicone coloring assistants include, indigoid 
vats, anthraquinone vats, soluble vat esters, vat acids, 
direct azo, sulfur dyes, acid wool dyes, premetallized acid, 
premetallized neutral, direct and developed dyes, naph 
thols, and cellulose ?ber-reactive dyes. Virtually all or 
ganic and inorganic pigments can be empoyed in the prac 
tice of my process including, both natural and synthetic 
inorganic pigments of the types of umber, sienna, ochre, 
aluminum, etc., and chrome greens, iron blues, iron oxide 
browns and reds, zinc whites, titanium whites, ultra 
marine blue, lead chromate yellows, zinc chromate yel 
lows, cadmium reds, carbon blacks, etc.; and natural and 
synthetic organic pigments of the types of carmine, 
catechu, tumeric, fustic, logwood, etc., and naphthol yel 
lows, azo reds, lithol reds, azo oranges, indanthrene blues, 
indanthrene violets, toluidene yellows, phthalocyanine 
blues, etc. In addition to these conventional pigment . 
colors, I may also employ synthetic pigments produced 
in acordance with the principles of my invention by use 
of normal textile dyestuffs on ?nely-divided inorganic 
oxide materials such as silica, titanium dioxide, zinc oxide, 
etc., as explained hereinbefore. 
Of course, it is not suggested that the aminoalkyl sili 

cone coloring assistants render all of the various dye 
stuffs and pigments full equivalents for coloring the 
various substrata de?ned hereinbefore, but rather, in 
the selection of a dyestuff or pigment for a speci?c color 
ing application, advantage should be taken of any natural 
affinity which a particular coloring agent might possess 
towards a given substrate. Thus, whereas early research 
ers tended to regard each dyeing theory to be compre 
hensive and applicable to all ?bers, it is now considered 
axiomatic that this cannot be so, except in a very general 
sense, but that the precise mechanism of dyeing will vary 
with the dye and ?ber and the respective reactive groups 
which they contain. For example, in the dyeing of the 
hydrophobic synthetic ?bers such as the polyamides in ac 
cordance with the processing techniques of my invention, 
advantage can be taken of the limited natural affinity for 
these ?bers as exhibited by the acid wool dyes or the naph 
thols, whereas selected premetallized dyes may be utilized 
for union dyeing of nylon and wool. In a similar manner, 

10 

40 

70 

8 
acid and vat dyes from among the anionic dyestuffs 
may be employed to best advantage on the polyacryloni 
trile ?bers, whereas the acrylonitrile-vinyl copolymers 
demonstrate some natural affinity towards the acid, metal 
lized, vat and soluble vat dyestuffs, and developed, vat 
acid and soluble vat dyes may be employed to advantage 
on polyester ?bers. On the other hand, the coloring assist 
ants of the invention are functionally capable of pro 
moting colorability of substrate materials with anionic 
dyestuffs which are normally totally non-affinitative 
towards the substrate, as, for example, in the case of 
?berglass substrata towards direct dyes, or towards the 
cellulose ?ber-reactive dyestuffs, and it is in connection 
with the vastly simpli?ed coloring procedures which result 
from these phenomena that my invention should have 
its greatest effects on present industrial practices. In the 
same manner, some of the conventional as well as newer 
pigment colors which possess extreme lightfastness among 
other desirable properties, exhibit absolutely no affinity 
towards the synthetic hydrophobic ?bers or ?berglass, but 
it becomes possible through use of the processing tech 
niques of the invention to print and dye such substrata 
with these highly-desirable coloring agents by standard 
textile coloring techniques. Thus, deeper shades for some 
of the acrylics and polyester ?bers can be obtained 
through use of improved vat pigments, for example, 
either by conventional printing or dyeing in conjunction 
with use of the aminoalkyl silicone coloring assistants, 
or, conceivably, through application of spin-dyeing pro 
cedures with single-bath aminoalkyl silicone-pigment 
dispersions. As applied to pigment colors, it is probably 
most accurate from the standpoint of conventional nomen 
clature, to refer to the aminoalkyl silicone coloring assist 
ants as “pigment binders,” but it should be understood 
that the former terminology is intended to embrace the 
latter, more restricted usage. 
Among the numerous different coloring agents of the 

dyestuff type which I have utilized to good advantage in 
practicing the general processing techniques of the in 
vention, the so-called cellulose ?ber-reactive dyes are of 
particularly unique interest, in that these dyestuffs have 
been especially tailored for use in the dyeing and print 
ing of cellulose substrate materials and have not, to my 
knowledge, been employed heretofore for any other type 
of coloring operation. In essence, the so-called cellulose 
?ber-reactive dyes constitute the prototype members of 
a potentially enormous class of dyestuffs which should 
revolutionize many sections of the coloring industry. In 
general, they are characterized by water-solubility in com 
bination with good levelling and penetration properties, 
and yet, they are capable of producing dyeings or print 
ings of extremely good wet fastness. In addition, they 
are completely adaptable to conventional coloring meth 
ods, and offer potential means for achieving low-temper 
ature dyeings due to their rapid diffusibility into cellulose 
?bers, and their rapid rates of reaction. These dyes obtain 
their permanency on cellulosic fabrics through the forma 
tion of co-valent linkages with the cellulose molecules. 
Chemically, the so-called cellulose ?ber-reactive dyes con 
tain active halogen groups derived from cyanuric halides 
which have been reacted with the base color molecule. 
They may be represented by the structural formula: 

wherein S represents the dye molecule grouping which 
produces water-solubility, R is the active coloring com 
ponent of the molecule, and X is the reactive halogen 
which promotes combination with alkaline cellulose: 

0H 

S‘R‘X+NaO-Cell.~—>S'R'O-ce1l.+NaX 

In the case of one class of said cellulose ?ber-reactive 
dyes, for example, the active halogen group or groups in 
the dye molecule consist of chlorine atoms which are in~ 



3,545,909 
troduced by reaction of a‘base dyestuff with cyanuric 
chloride to yield the following dye-melamine structure: 

(See British Pat. No. 781,930 of Aug. 28, 1957; Journal 
gié?tzhe Society of Dyers and Colourists, 73, 237-247-June 

By suitably controlling the reaction, it-is possible to 
produce derivatives having one or two chlorine atoms 
for reaction with cellulose hydroxyl groups. Upon ap 
plication of heat, and/or alkali, the dyes react with cel 
lulose hydroxyl radicals to form cyanurate esters of the 
dyestutf molecule. ' 

Members of this last-mentioned class of cellulose ?ber 
reactive dyes have been described as vinyl-sulfone reac 
tive dyestuffs andhave been discussed in an article en 
titled “Remazol Colors, A Chemically New System of 
Fiber-Reactive Dyestuffs,” by Dr. E. P. Sommer, appear 
ing in the American Dyestu?” Reporter volume 47, No. 
24, Dec. 15, l958’on pages 895-899. 
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As might be expected, the so-called cellulose ?ber-reac- ~ 

tive dyes show absolutely no af?nity towards any of the 
non-eellulosic, di?iculty colorable substrate materials, 
such as glass ?bers and the like. On the other hand, when 
these materials are treated with an aminoalkyl silicone 
coloring assistant in accordance with the general process 
ing techniques of my invention, and whether heat-cured 

30 

or. simply air-dried, they demonstrate a remarkable af- \ 
?nity towards this class of dyestuifs, producing deeply 
and brilliantly colored materials. ‘In fact, the reaction of 
the dyes with the aminoalkyl silicone-treated substrates 
is faster than that obtained with cellulose materials. My 
investigations with respect to the foregoing phenomenon 
demonsrate, a typical application of the processing techni 
ques of the invention whereby a normally non-at?nita 
tive group of substrate materials can be rendered highly 
a?initative towards an extremely useful and e?icient class 
of dyestulfs, through use of the unique aminoalkyl silicone 
coloring assistants. .. 

It will be appreciated that much controversy has existed 
heretofore, and still continues, with respect to the precise 
mechanism 'of coloring, even as applied to the very oldest 
classes of dyestulfs and pigments, and proponents of the 
solid-solution theory, the mechanical theory, the chemi 
cal. combination theory, and. the theory of physical absorp 
tion,~among others, have each adduced varying types of 
evidence in support of their theories. Admittedly, the exact 
mechanisms of the coloring ,phenomona realized in ac 
cordance with my invention have not been established by 
conclusive scienti?c evidence, and without intent to be 
bound or otherwise restricted beyond the actual bene?cial 
end-results which can be obtained by the practice of the 
invention, it- is believed that the following theories will 
'aid others in pursuit of further improvements, and-might 
well explainthecoloring mechanisms which do occur 
upon use‘ of at least some types of dyestuffs from among 
the general class described above. ' . 
'‘ Withrespect to ‘several classes of cellulose ?ber reac 
tive dyes, it is believed that coloration may be produced 
by chemical reaction of amino groups from the coloring 
assistants with the chlorine group or groups in the cyanuric 
chloride residue of the dye molecule, according to the 
simple mechanism: 

' Substrate+NH2-Silicone—> Substrate-NHz 
'- V substrate-NHg-l-Cl-Dye-eSubstrate-NH-Dye-l-HCI 

With the direct, acid, premetallized neutral, premetal 
lized acid, and direct and developed dyes, each of which 

I contains —SO3H and or —COOH groups, or alkali salts 
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thereof, it is believed that the dye adsorption involves a 
simple salt formation or simple precipitation effect, as 
represented by the mechanism: ' 

Substrate-NH2f+Dye-SO3H-+ Substrate-NH3.SO3-Dye 
With both the indigoid and anthraquinone types of vat 

dyes, the mechanism is presumably more complicated, 
but it is believed that initial adsorption of the dye may 
involve an ionexchange effect with the leuco form of the 
dyestuff after it has been reduced with sodium hydro 
sul?te, as represented by the scheme: 

‘ t’ ' 9N8 
Dye-C ————-> Dye-C: 

ONa 

. Substrate—NH2+Dye—O=—l-Hz O -———> 

0—NH3—Substrate 

Dye- : +NaOH 

Here, the dye is adsorbed ?rst in the leuco form and then 
it is oxidized, in situ, on the aminoalkyl silicon treated 
substrate and deposited as an insoluble pigment; 

O—NHa—-Snbstrate . 

H2 0 2 I ll 
———> Dye—C —lNHz-Substrate 

In the case of the soluble vat ester: 

O—S 03H 

Dye— = 

The initial adsorption is believed to be the same as with 
the direct, acid and other soluble dyes above, i.e., salt 
formation and then oxidation to the insoluable form on 
the substrate: 

H+ 
Substrate—NH3—S O3-—O—C= ————> 

I NaNOz 
Dye 

ll 
Dye—C—/N Hrsubstrate 

With respect to the sulfur dyes, I believe that the 
mechanism of coloring involves a combination of physi 
cal and chemical factors, but no de?nite theory has been 
established to the extent of warranting presentation in 
this disclosure. 
As a result of a relatively extensive screening of the 

known aminoalkyl silicones, it has been demonstrated 
that virtually all stable members of this series can be em 
ployed as coloring assistants according to the processing 
techniques of my invention, although, unexplainably, cer 
tain of ‘these compounds do exhibit somewhat superior 
color a?inity for most coloring agents as compared with 
certain other compounds of the series. It is essential, 
only, ‘that the coloring assistant contain at least one 
grouping of the formulation: ‘ 

wherein the divalent R-linkage between the silicon'atom 
and amino nitrogen atom constitutes a hydrocarbon 
chain, preferably a linear or cyclic hydrocarbon chain of 
three (3) or more carbon atoms chain-length, on which 
the amino nitrogen is substituted no closer than the third 
carbon atom removed from silicon as, for example, a 
polymethylene chain of three or more carbon atoms, or 
a para-substituted 'c-pyridyl radical, and the like. The di 
valent R-linka‘ge may be unsubstituted or carry additional 
hydrocarbon substituents along its length. The free val 
ences of the amino nitrogen may both be substituted 
with hydrogen atoms in primary amine fashion, or as 
imine (secondary) or nitrile (tertiary) structures carry 
ing organic radicals. ' 

Typical of the organic radicals which may satisfy one 
or both of the free valences of the amino nitrogen atom 
are the alkyl radicals such as methyl, ethyl, propyl, cy 
clohexyl, octyl and the like or the substituted alkyl 
groups, particularly those which contain carbon, hydro 
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gen and oxygen, as for example, hydroxyalkyl, alkoxy 
alkyl, polyalkoxyalkyl, hydroxypolyalkoxyalkyl, carbo 
alkoxyalkyl, carboxyalkyl and the like, or those substi 
tuted alkyl groups which contain carbon, hydrogen and 
nitrogen, as for example, cyanoalkyl, polyaminoalkyl and 
the like, or those substituted alkyl groups which contain 
carbon, hydrogen, nitrogen and oxygen, as for example, 
N-hydroxy-alkyl-aminoalkyl and the like, as well as aryl 
radicals and/or substituted aryl radicals such as phenyl 
or pyrrolidyl and pyrrolyl radicals, or fused aromatic ring 
structures such as naphthalene, and the like. Alternative 
ly, the nitrogen atom may be symmetrically substituted 
in bis-imine or tris-nitrile fashion by means of other poly 
methylene-silylidyne groupings [—(CH2),,SiE]. The free 
valences on the one or more silicon atoms may be satis 
?ed with mixed alkoxy and alkyl or aryl substituents 
where monomeric silanes are involved, or with Si—O 
linkages and alkyl and aryl radicals in the case of amino 
alkylpolysiloxanes or copolymers of aminoalkylpolysilox 
anes with other polysiloxanes. In essence, therefore, the 
functional grouping required in the coloring assitants of 
the invention may be represented in general by the fol 
lowing formula: 
(II) R’ 

IlI—R—SIi—X 
it’ ‘ 

wherein R is a substituted or unsubstituted hydrocarbon 
group of at least 3 carbon atoms chain-length; R’ and R" 
represent members selected from the group consisting of 
hydrogen and organic radicals, preferably, cyanoalkyl, 
hydroxyalkyl, carboalkoxyalkyl, carboxyalkyl, and aryl 
radicals, and the monovalent grouping: 

Y 

l 
X is a member selected from the group consisting of alk~ 
oxy and siloxylidyne radicals [ESi—O—]; and Y and 
Z are members selected from the group consisting of 
alkoxy, alkyl and aryl radicals. 
As indicated above, the necessary functional amino 

alkyl silicon grouping of the coloring assistants of my in 
vention may be contained within a monomeric amino 
alkylalkoxysilane, an aminoalkylpolysiloxane, or a co 
polymer or simple blend of an aminoalkylpolysiloxane 
with one or more other siloxanes. It is nit essential that 
these materials be employed in pure form but crude hy 
drolyzates or aqueous and aqueous-alcoholic solutions of 
the silicones can be employed directly to introduce the , 
aminoalkyl silicon groups onto the substrate materials 
or into coloring baths to be used in coloring such sub 
strata. 
The aminoalkylalkoxysilanes which can be employed in 

practicing my invention may be represented in general , 
by the following formula: 

wherein R, R’ and R" have the same meanings as previ 
ously assigned above; X is an alkoxy radical; Y is a mem 
ber selected from the group consisting of alkyl and aryl 
radicals; c is a whole number of from 1 to 2; b is zero or 
a whole number of from 1 to 2; and the sum of c+b is 
not greater than 3. 
The following speci?c silanes are illustrative of some 

of the aminoalkylsilyl-funotional derivatives included 
among the class of compounds de?ned within Formula 
III above: 

beta-methyl-gamma-aminopropyltriethoxysilane 
gamma-aminopropyltriethoxysilane 
gamma-aminopropyltripropoxysilane 
gamma-aminopropylmethyldiethoxysilane 
gamma-aminopropylethyldiethoxysilane 
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12 
gamma-aminopropylphenyldiethoxysilane 
delta-aminobutyltriethoxysilane 
delta-aminobutylmethyldiethoxysilane 
delta-aminobutylphenyldiethoxysilane 
gamma-aminobutyltriethoxysilane 
gamma-aminoisobutylmethyldiethoxysilane 
gamma-aminobutylmethyldiethoxysilane 
N-beta-carbethoxyethyl-gamma-aminopropyltriethoxy 

silane 
N-beta-cyanoethyl-delta-aminobutyltriethoxysilane 
N-gamma-triethylsilylpropyl-pyrrolidine 
N-gamma-triethoxysilylpropyl-2,S-dimethylpyrrolidine 
N-phenyl-N-methyl-gamma-aminopropyltriethoxysilane 
N-phenyl-N-methyl-delta-aminobutyltriethoxysilane 
N-methyl-beta-methyl-garnma-aminopropyltriethoxysilane 
N-beta-aminoethyl-gamma-aminopropyltrimethoxysilane 
N-beta-aminoethyl-gamma-aminoisobutyldiethoxysilane 
bis (gamma-triethoxysilylpropyl)imine 
bis(beta-methyltriethoxysilylpropyl)imine 
N,N-dimethyl~gamma~aminopropyltriethoxysilane 
N-naphthyl-N-methyl-gamma-aminopropyltriethoxysilane 
N- (furfuryl ) -gamma-aminopropyltriethoxysilane, etc. 

Aminoalkylalkoxysilanes of the foregoing type and 
methods for producing compounds of this structure, in 
general, are described and claimed in US. 2,832,754, is 
sued Apr. 29, 1958; US. 3,044,982, issued July 17, 1962; 
and US. 3,045,036, issued July 17, 1962. 
The alkoxysilylalkylamines, -imines, and -nitriles are 

generally characterized by their ability to form stable 
solutions with aqueous admixtures of organic compounds, 
which is a particularly desirable property from the stand 
point of existing practices employed in the coloring in 
dustries. When placed in aqueous solution, the alkoxy 
groups hydrolyze at a slow rate such that the silane 
monomers are eventually converted to Water-soluble 
aminoalkylpolysiloxanes. Aqueous admixtures of such 
polysiloxanes with water-soluble organic compounds con 
‘form to most requirements of stability encountered in the 
coloring industries. 
The aminoalkylpolysiloxanes which can be employed to 

carry out the desired functional group represented by 
Formula I above for purposes of my invention, may be 
linear, cyclic or cross-linked in nature. The aminoalkyl 
polysiloxanes of the cross-linked variety are readily pro 
duced by the hydrolysis and condensation of the trialkoxy 
substituted silylalkylamines, -imines or -nitriles, and can 
contain small amounts of silicon-bonded hydroxyl groups 
or silicon-bonded alkoxy groups depending on the condi 
tions under which polymerization is conducted. For exam 
ple, aminoalkylpolysiloxanes of this type which are essen 
tially free of residual silicon-bonded alkoxy or hydroxyl 
groups can be produced by the complete hydrolysis and 
total condensation of an aminoalkyltrialkoxysilane, 
Whereas polymers containing predominant proportions of 
residual alkoxy groups can be produced by the partial 
hydrolysis and total condensation of the same starting 
silane. In a similar manner, polymers containing pre 
dominant proportions of residual silicon-bonded hydroxyl 
groups can be produced by essentially complete hydroly 
sis and only partial condensation of the trifunctional 
silane starting materials. Polysiloxanes of the foregoing 
types may be represented in general by the following unit 
structural ‘formula: 

(IV) III’ 
N—R—Sl(Z)d03_-_d_ 
RN 2 

wherein R, R’ and R” have the same meanings as previ 
ously assigned above, Z represents hydroxyl and alkoxy 
groups; and d has an average value of from 0 to 2 and 
preferably from 0 to 1. Typical polymers from among the 
compounds of this class include gamma-aminopropyl 
polysiloxane, delta-aminobutylpolysiloxane, etc., and re 
lated hydroxy- and alkoxy-containing hydrolyzates and 
condensates of these polymers. 
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Aminoalkoxypolysiloxanes of the cyclic and linear 
varieties may be produced readily by the hydrolysis and 
condensation of dialkoxyalkyl- or dialkoxyarylsilylalkyla 
mines, -imines, and nitriles. These polymers may 'be repre 
sented in general by the following structural formula: 

wherein R, R’ and R" have the same meanings as previ 
ously assigned above; Y is an alkyl or aryl radical; and 
n is an integer having a value of at least 3, with average 
values of from 3-7 for the cyclic polysiloxanes, and 
higher for the linear polysiloxanes. Typical cyclic poly 
mers from among this class include the cyclic tetramers 
of gamma-aminopropylmethylpolysiloxane and delta 
aminobutylmethylpolysiloxane, and the like. The linear 
polymers may be structures of the type of gamma-amino 
propylmethylpolysiloxane, 'gamma-aminopropylethylpoly 
siloxane, deltaaminobutylmethylpolysiloxane, gamma 
’aminobutylmethylpolysiloxane, and the like. The linear 
aminoalkylpolysiloxanes further include alkyl, alkoxy and 
hydroxyl end-blocked materials which contain from 1 to 
'3 such groups bonded to the terminal silicon atoms of the 
molecules comprising the polymeric chains. For example, 
linear polymers such as monoethoxy end-blocked gamma 
aminopropylethylpolysiloxane, methyldiethoxysilyl end 
blocked delta - 'aminobutylmethylpolysiloxane, mono - 

ethoxydimethylsilyl end - blocked gamma - aminopropyl - 

phenylpolysiloxane, and the like, may be employed to 
impart the desired functional groups to a substrate or 
coloring bath. These end-blocked polymers may be readily 
produced by the equilibration of cyclic aminoalkylpoly 

‘ 'siloxanes with silicon compounds containing predominant 
silicon-bonded alkoxy groups, or by the cohydrolysis and 
condensation of trialkylalkoxysilanes with aminoal-kylal 
kyldiethoxysilanes or aminoalkylaryldiethoxysilanes. The 
hydroxy- end-blocked polymers can be prepared, also, 
by heating linear or cyclic aminoalkylpolysiloxanes with 
water. 

' The copolymeric polysiloxanes which can be employed 
as coloring‘as'sistants in accordance with my invention 
may contain siloxane units consisting of any of the typical 
siloxyalkylamine, ~imine or -nitrile groups depicted above, 
in combination with one or more other hydrocarbon-sub 
stituted siloxane units of any desired con?guration, as 
represented in general by the formula: 
(VI) We 

2 

wherein Wand W’ are hydrocarbon radicals; and e is 
an integer having a value of from 0 to 2. These copoly 
mers maybe produced by the cohydrolysis and condensa 
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tion of typical aminoalkylsilanes ‘with other hydrocarbon~ ' 
substituted silanes, or by the direct equilibration of separ 
atepolymeric starting materials. The linear copolymers 
can also contain chain-terminating or end-blocking groups 
such as alkyl, hydroxyl and alkoxy radicals. The various 
polymeric and copolymeric materials of the types dis 
cussed hereinbefore, as well as processes for producing 
these materials, have also been described in substantial 
detail and claimed in the aforementioned copending ap 
plications. ' 

_‘ The aminoalkyl silicone coloring assistants may also 
be employed in the form of their metal coordinated 
complexes with metallic components of the type of cop 
per, chromium, cobalt, etc. Of particular interest in this 
connection are the copper complexes of the base resins 
and monomeric silanes, which may be readily prepared 
by aqueous reaction of the silicones with water-soluble 
copper derivatives such as cupric chloride, acetate or 
sulfate, or water-dispersible or insoluble copper deriva 
tives such as the hydroxide, stearate and the like. The 
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14 
coloring assistants may be pre-complexed with the metal 
‘coordinates or reacted in situ to form the coordinated 
complexes. 

While all of the aminoalkyl silicones seemingly are 
operative for purposes of inducing or improving the 
color-affinity of the various substrate materials described, 
I have found that certain compounds and compositions 
appear to approach a more universial color-acceptance 
status, while others produce somewhat less pronounced 
effects when viewed on a universal basis, but may prove 
to be extremely ef?cient when used in conjunction with 
a speci?c class of dyestuffs or pigments. Thus, one might 
assume that the degree of coloration is a function of the 
relative number of amino groups available within the 
coloring assistants, or that the primary-, secondary- or 
tertiary-substituted nature of the amino nitrogen atom 
might alter the color-af?nity properties of the assistants, 
but my investigations have failed to establish these fac 
tors to be determinative, per se. For example, some of 
the silicones having the largest concentration of amino 
groups produce relatively inferior colorings, when com 
pared with assistants of reduced amino concentration, 
under some conditions of operation. There is no scienti?c 
basis for rationalizing these effects at the present stage 
of my research, but it is believed that, as continuing 
research serves to elucidate the mechanism or mecha 
nisms underlying the actual coloring phenomena, it will 
become possible to “tailor” the coloring assistants for 
speci?c coloring processes as well as for universal or 
general use. 

In general, it would appear that for universal color— 
af?nity, the most effective monomeric materials are the 
difunctional silanes, whereas the most effective polymeric 
or copolymeric materials are those which are completely 
condensed or substantially completely condensed from 
low molecular weight difunctional monomers. The speci?c 
compounds and compositions listed below have been found 
to be particularly e?'lcient as dye assistants of the uni— 
versal type: 

(A) Homopolymer of delta-aminobutylmethylpolysilox 
ane; ‘ 

(B) Copolymeric silcone comprised of 50% trimethyl 
_siloxy end-blocked dimethylsiloxane and 50% delta 
aminobutylmethylsiloxy groups. 

(\C) Copolymeric silicone comprised of gamma-amino 
propyltriethoxysilane and amyltriethoxysilane (30% 
resin solids); 

(D) Homopolymer from gamma-aminopropyltriethoxy 
silane; and 

(E) Gamma-aminopropylmethyldiethoxysilane. 
Still other compounds of unique performance character 
istics have been identi?ed within the experimental data 
reported hereinafter. 
On the basis of prior experiences with the conventional 

forms of silicones such as dimethyl oils and the like, one 
might expect that use of the aminoalkyl silicones as color 
ing assistants on ?brous substrata such as textiles and 
leather goods, could promote certain bene?cial ancillary 
properties including, by way of illustration, ?ame resist 
ance, dimensional stabilization, water repellancy, or crease 
resistance. On the other hand, it was most unexpected 
to ?nd that the principal ancillary property resulting from 
use of the aminoalkyl silicones is that of ?xation or in 
solubilizing of all types of substantive dyestuffs. Thus, 
in my copending US. application Ser. No. 804,882, now 
abandoned, which was ?led of even date with this appli 
cation, I have described and claimed processes which are 
based on my discovery that the aminoalkyl silicones are 
excellent dye-?xatives, capable of improving the wash 
fastness of all dyestuffs of the substantive type. Whereas 
the processes of my aforementioned copending applica 
tion are directed speci?cally to the aftertreatment of sub 
stantively-dyed textiles of the type of cellulosic fabrics 
and the like, with aminoalkyl silicones to induce or pro 
mote ?xation of their dye content, the processes of the 
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present invention are intended to embrace similar ?xa 
tive activities which may result as an incident to a pro 
mary coloring operation conducted with substantive dye 
stuffs through use of the aminoalkyl silicones in their 
principal capacity as coloring assistants. Of course, it 
should be apparent that one could elfect a primary color 
ing operation with a substantive dyestuff according to 
the principles of my present invention, and thereafter 
promote enhanced ?xation of the dyestuff to the substrate 
material by aftertreatment of the substrate with an amino 
alkyl silicone in accordance with the processing tech~ 
niques of my copending application. 
The pre-treatment with and/or concurrent use within 

coloring media of an aminoalkyl silicone also results in ' 
the production of colored substrates having a unique 
af?nity for those elastomeric polymers widely employed 
as pigment binders and/or textile ?nishes. Due to this 
a?inity, such polymers are more effectively bonded to 
colored ?brous substrates produced in accordance with 
the present invention and hence better serve the original 
purposes for which they are widely employed. By way of 
illustration, cotton fabric treated with an aminoalkyl 
silicone when pigment-colored in a one-step operation 
employing an acrylic polymer (as a textile ?nish) in ad 
mixture with a coloring pigment possesses improved wash 
fastness, crock resistance, and lightfastness properties as 
compared to cotton fabric which has been colored by the 
same procedure (wherein the acrylic polymer is both 
the pigment binder and textile ?nish) but which was not 
treated with an aminoalkyl silicone. In addition, glass fab 
ric when pigment-colored by conventional means and 
treated with an acrylic polymer did not possess the excel 
lent crock and crease resistance that characterized pig 
ment-colored glass fabric prepared with the aid of an 
aminoalkyl silicone coloring assistant and treated with an 
acrylic polymer. 

Elastomeric polymers which appear more effectively 
employed as ?nishes when applied to colored substrates 
prepared in accordance with this invention are, for the 
most part, polymers having a linear or two-dimensional 
structure that may contain pendant reactive groups such 
as carboxy, epoxy, methylolamide, vinylsilyl, and the like. 
When applied to ?brous substrates and cured, as for ex 
ample by drying or heating and, with or without a cata 
lyst, as the case may be, such polymers form elastomeric 
coatings thereon. In some instances such polymers can be 
blended or reacted with other polymers, as for example, 
urea-formaldehyde resins and the resultant product cured 
in the conventional manner. For the most part, such poly 
mers are applied to substrates in the form of a latex and 
in many instances they are prepared by emulsion polym 
erization techniques. Typical of such polymers are: nat 
ural rubber, synthetic rubber, as for example, a buta 
diene-acrylonitrile copolymer latex, acrylate polymers, as 
for example, those prepared by the polymerization of one 
or more acrylic monomers such as methyl acrylate, ethyl 
acrylate, acrylic acid, acrylamide, acrylonitrile and the 
like, the internally plasticized vinyl acetate copolymers 
and the like polymers. 
Without wishing to be bound by any particular theory, 

it is believed that elastomeric polymers of the above type 
are more etfectively employed in combination with col 
ored ?brous substrates that have been prepared with the 
aid of an aminoalkyl silicone for the reason that they con 
tain groups that are reactive with those nitrogen-contain 
ing groups of the coloring assistant that have not been 
tied up in the coloring process. Hence, such elastomers 
become chemically bonded to the colored substrate rather 
than physically bonded thereto as the case would be when 
aminoalkyl silicones are not present. 
As indicated above, elastomeric polymers can be ap 

plied to colored ?brous substrates that have been pre 
pared with the aid of an aminoalkyl silicone after the 
coloring step is completed or, if desired, when pigments 
are employed they can be admixed with coloring pigments 
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and the aminoalkyl, silicone-treated ?brous substrate 
padded therewith. I have also found that when pigments 
are employed as the coloring agent, the pigment, polymer 
and aminoalkyl silicone coloring assistant can be admixed 
and the ?brous substrate padded .therewith. While the 
unique af?nity of colored substrates for those polymers 
commonly employed as pigment binders and textile ?n 
ishes is most pronounced in the production of colored 
?brous substrates, this same a?inity exists in the treat 
ment with such polymers of other colored substrates pre 
pared by my invention. . . 

In one embodiment of the present invention, the color 
ing process can be carried out with the aid of a silicone 
?uid. According to my ?ndings, the use of a silicone ?uid 
with an aminoalkyl silicone coloring assistant and color 
ing agent in the coloring process provides processing ad 
vantages, as for example‘, improvements in obtaining ad 
mixtures of the coloring assistant and coloring agent, 
better application of the coloring assistant to a substrate 
and the like. In addition, I have found that the use of a 
silicone ?uid with a coloring assistant and coloring agent 
in accordance with my teachings provides colored ?brous 
and sheet substrates having a feel or hand which is sim 
ilar in many respects to that of the substrates prior to 
coloring. Thus this embodiment of my invention provides 
a means to obtain a colored ?brous or sheet material hav 
ing a relatively soft hand, should the particular applica 
tion of the colored product require such. - . 

Silicone ?uids can be employed in the practice of the 
invention by a variety of methods. By way of illustration, 
they can be employed in admixture with the coloring as 
sistant or in admixture with the coloring assistant and one 
or more additives such as water, solvent and acid, and the 
resulting mixture applied to a ?brous or sheet substrate 
prior to treatment with a coloring agent which, if de 
sired, can also contain a silicone ?uid in admixture there 
with. In addition, the silicone ?uid can be admixed with 
both the coloring assistant and coloring agent together 
with other additives, as may be desired, and the resulting 
mixture applied to a substrate. Moreover, the colored sub 
strates produced by the invention, whether or not a sili 
cone ?uid was employed in their production, can be ad 
vantageously treated with a silicone ?uid. 
When silicone ?uids are employed as an after-treatment 

for the colored substrates of this invention, they are pref 
erably employed in combination with elastomeric poly 
mer of the type described above as a pigment binder 
and/or textile ?nish. Thus, for example, a silicone ?uid 
can be admixed with an acrylate polymer emulsion and 
the mixture applied to a colored ?brous substrate. If de 
sired, the silicone ?uid can be admixed with a coloring 
pigment and acrylate polymer emulsion and the mixture 
applied to an aminoalkyl silicone treated ?brous substrate. 
The silicone ?uids most useful in my coloring process 

are those polymeric materials known as polysiloxane oils, 
especially those oils which contain silicon-bonded hydro 
carbon substituents or both silicon-bonded hydrocarbon 
and hydrogen substituents. Typical of such polysiloxane 
oils are dimethylpolysiloxane, beta-phenylethylpolysilox 
ane oil, diethylpolysiloxane oil and the like as well as 
those polysiloxane oils which contain dimethylsiloxane 
units, in addition to one or more siloxane units of the 
type which include methylethylsiloxane units, diethylsilox¢ 
ane units, methylphenylsiloxane units, methylhydrogen 
siloxane units, beta-phenylethylmethylsiloxane units and 
the like. I can also employ as silicone ?uids those copoly 
mers of linear or branch chain polysiloxanes with poly 
oxyalkylene polymers. . . 

The amount of silicone ?uid that can be employed in 
the preparation of colored substrates is not narrowly cri 
tical and can vary over a wide range. In the preparation 
of colored ?brous substrates, as for example colored cloth 
having a relatively soft hand, I have found it convenient 
to employ a sufficient amount of the ?uid in the processing 
Steps as to provide a deposit of such ?uid 0n the cloth 
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of from about one-quarter to as much as four times the 
amount by weight of aminoalkyl silicone coloring assistant 
deposited on the cloth. Such can be accomplished by using 
baths containing an amount by weight of silicone ?uid 
lying in the range of from about one-quarter to as much 
as four times the amount by weight of the coloring assist 
ant. If the aminoalkyl coloring assistant and silicone ?uid 
are applied in separate baths or if the silicone ?uid is used 
in more than one bath, the total amount of silicone ?uid 
employed in all of the treating baths should, for best 
results, lie in the same range with respect to the coloring 
assistant as set forth above for the instance where both 
are employed in a single admixture. ‘ 

It is preferred that the silicone ?uids useful as an aid 
in the preparation of colored substrates be employed in 
the form of an emulsion, as for example a water emulsion 
containing from about 10 to about 60 percent by weight 
of a polysiloxane oil. Thus, for examplegwhen a silicone 
?uid is used in admixture with a coloring assistant, the 
bath is preferably prepared by forming a mixture contain 
ing the desired amount by weight of the coloring assistant 
one-quarter to four times the amount by weight of the 
coloring assistant of a silicone emulsion, a small amount 
of wetting agent with the'remainder comprised of water 
and, if desired, a solubilizing acid. 

While I have found it convenient to employ a silicone 
?uid in amounts of from about one-quarter toas much 
as four times the amount of coloring assistant, it should 
be pointed out that greater amounts of the silicone ?uid 
can be employed with the result that greater amounts of 
the ?uid will be deposited on the substrate; however, no 
advantage commensurate therewith is obtained. 

In addition to silicone ?uids, I can employ small amounts 
of known organic softeners for textiles such as emulsions 
of long-chain fatty acids, epoxidized soy-bean oil, long 
chain quaternary amine compounds, as for example, octa 
decyltrimethylammonium chloride octadecyl-ethylene 
imine and the like. However, such softeners when em 
ployed alone, although useful, do not have the over-all 
bene?cial effects that are provided by silicone ?uids. 

Further improvements in the hand or feel of colored 
?brous or sheet substrates, as for example, colored cloth 
or fabric, prepared with the aid of an aminoalkyl silicone 
coloring assistant and a pigment color can be obtained by 
subjecting such colored substrates to a washing procedure 
and/ or to mechanical action, as for example, a pulling or 
stretching procedure. 
The washing procedure can be carried out with water 

or with an admixture of water and a surface active agent 
such as soap or synthetic detergent. Accordingly, after 
a fabric has been subjected to, the action of a coloring 
pigment in accordance with the present invention, the 
colored fabric is dried and washed. Washing can be ac 
complished by a variety of methods. By way of illustration, 
‘the dried colored fabric can be ?rst rinsed with water, then 
subjected to the action'of an'admixture of water and soap 
and ?nally rinsed one or more times with water. In certain 
instances, rinsing with water will be su?icient and in other 
instances more thorough washing will vbe necessary. 
The mechanical action to which pigmented fabrics can 

be subjected for the purpose of providing an improved 
hand can be best accomplished on mechanical apparatus 
which are capable of stretching or pulling fabric. ~ 

It is believed‘ that my invention may be best understood 
by reference vto the following speci?c examples which vil 
lustrate the. foregoing principles and procedures as applied 
'to the coloring of ‘various types of substrate materials 
.with different classes of'coloring agents and a plurality of 
typical different aminoalkyl silicone coloring assistants. 
For the sake of convenience'and brevity, the various 
aminoalkyl silicones which were'employed‘ within the ex 
perimental work reported in the examples, are consolidated 
in tabulated form in.Table 1, and number-coded for ease 
of reference in the actual text of the examples. 
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TABLE I 

Coloring 
assistants nu 
merlcal code . 
designation Compound or composition 

1 ___________ ._ gamma~Aminopropyltriethoxysilane. 

2 ___________ ._ delta-Aminobutyltriethoxysilane; U 

3 _________ ..‘__ Copoly'mer of gamma-aminopropyltriethoxysilane and 
_ phenyltriethoxysilane (30% solids). 

4 __________ ._'. Thirty-percent (30%) ethanol solution of gamma-amino 
' ' ' propylpolyslloxane (homopolymer, 30% solids). ' 

5 ______ _v_.._._ gamma-Aminopropylmethyldiethoxysilane. 

6 _________ _'.__ Copolymer of gamma-aminopropyltriethoXysilaue and 
V phenyltrlethoxysilane (30% ethanol solution). ‘ 

7 ___________ .. N—phenyl-N-methyl-gamma-aminopropyltriethoxy silane. 

8 _______ ..'___- Copolymeric silicone oil comprised of 95.2% trimethyl 
siloxy end-blocked dimethylsiloxane and 4.8% delta- ' 
amlnobutylmethylsiloxy groups. 

9 ........... ._ Homopolymer oi delta-aminobutylmethylpolysiloxane. 

l0 ____ ._' .... .. Copolymeric silicone oil comprised of 75% trimethyl 
siloxy end-blocked dnnethylsiloxane and 25% of delta 
ammobutylmethylslloxy groups. 

11 __________ __ Copolymeric'silicone oil comprised of gamma-aminopro 
pyltrlethoxysilane and vinyl-triethoxysilane (25% resin 
solids). ' 

12 __________ __ Copoly'meric silicone oil comprised of gamma-aminopro 
pyltriethoxysilane and amyltriethoxysilane (30% resin 
solids). 

13 __________ .. Cobalt ‘ chelate of gamma-aminopropyltriethoxysilane 
(17% in H20) . 

14 __________ __ Copolymeric silicone oil comprised of 83.3% trimethyl 
slloxy end-blocked dimethylsiloxane and 16.7% gamma 
aminopropylslloxy groups. 

15 __________ _. gamma‘Aminopropylpolysiloxane; the homopolymcr 
from gamma-aminopropyltriethoxysilane (50% solids 
1n ethanol). 

16 __________ __ N-naphthyl-gammaaminopropyltriethoxysilane. 

l7 __________ __ Copolymer _comprised of 50% trimethylsiloxy end‘ 
blocked dlmethylsiloxane and 50% delta-aminobutyl‘ 
methylsiloxy groups. 

18 __________ __ Copolymer comprised of 70% trimethylsiloxy end 
blocked dlmethylsiloxane and 30% N,N—bis(beta 

_ hydroxyethyl)-delta_aminobutylmethylsiloxy groups. 

19 ____________ .- Copolymer comprised of 27% trimethylsiloxy end 
blocked dimethylsiloxane, 40% diphenylsiloxy groups, 
and 33% delta-aminobutylmethylsiloxy groups. 

20 __________ _- Copolymer _ comprised of 68.5% trimethylsiloxy end 
blocked d1methyl siloxane, 25% diphenylsiloxy groups, 
and 6.5% delta-aminobutylmethylsiloxy groups. 

21.v .... __ _._ Ngggénma-Triethoxysilylpropylpyrrolidene hydrochlo 

22.“ -.. N-beta-Cyanoethyl-delta-aminobutyltriethoxysilane. 

23 __________ .. N,N-dimethyl-gamma-aminopropyltriethoxysilane hy 

droiodide. 1 - - 

24 _______ __'-__ beta-Methyl-gammaaaminopropyltrlethoxysilane. 

:25 __________ - _ I bis-(beta-Methyltrie thox'ysilylpropyl) imine; I 

'26 __________ .. N-methyl-beta-methyl-gamma-aminopropyltriethoxy 

silane. . 

27 __________ .- Nghlg‘tlaéCarbethoxyethyl-gamma-aminopropyltriethoxy 

28 ____ ___._._. N~beta-Cyanoethyl-delta-aminobutylmethylpolysilox- . 

ane; (Mainly cyolics). 

29 .......... .. N-(beta-furfuryl)-gamma-aminopropyltriethoxysilaue. 

30 __________ __ dclta-Aminobutylmethyldiethoxysilane. . _ 

31 __________ __ delta-Aminobutylmethylpolysiloxane (crude product 
otherwise comparable to 9 above; made by non-solvent 
hydrolysis of 30). 

32; _ _'_.._'_.-__ Same as 31 except made by solvent hydrolysis. 

33 __________ _. delta-Aminobutylmethylpolysiloxane incompletely con-‘ 
‘ densed and thus probably containing silicon-bonded 
ethoxy or hydroxyl groups (60% solids in ethanol). 

34.}... _____ .- Aminomethyltriethoxysilane. 
35.‘ _________ __ N,N-bis(beta-hydroxypropyl)-gamma-aminopropy1 

. polysiloxane. _ ' _, . 
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Coloring 
assistants nu 
merlcal code _ 
designation Compound or composition 

36 .......... __ Copolymerlc silicone comprised of 60% tl‘imcthylsiloxy 
end-blocked dimcthylsiloxane and 40% N-beta- I 
hydroxystcaryl-gamma-aminoisobutylmethylsiloxane 
units. 

37 __________ -. N>octyl-gamma-aniinoisobutylmethyldiethoxysilanc. 

No'rE.—Cop0lyn1eric coloring assistants described as 00 
polymeric silicones comprised of trimethylsiloxy end‘blockcd 
dimethylsiloxane and one or more speci?c siloxane units of 
another type are copolyiners usually prepared by the co 
equilibration of a trlmethylsiloxy end-blocked dimethylpoly 
siloxane with a cyclic or linear silicone composed of the spe 
ci?c siloxane units referred to. Thus such materials are 
trimethylsiloxy end-blocked polymers containing dlmethyl 
slloxane units as well as the unit or units speci?ed. 

EXAMPLE I 

Fiber glass cloth: Direct cellulose substantive dyes 

Glass fabric substrata were treated with 5% solutions 
( 1.65 % deposits) of various coloring assistants from 
Table I by padding samples of heat-cleaned glass fabric 
through solutions of the following composition: 

Percent 
Coloring assistant ___________________________ __ 5 

Acetic acid _________________________________ __ 5 

Isopropanol _______________________________ __ 40 

Water ____________________________________ __ 40 

After drying and curing at 300° F. for ten minutes, the 
samples were dyed with a solution consisting of: 

a dye having a color index number of 24410 (on cloth 
weight) 

1.5% Glauber’s salt 
40:1 bathzfabric ratio 
30 minutes at 180° F. 

Cold water rinse 

The glass cloth samples were placed in the dye solution 
at 180° F. and stirred for 20 minutes. The Glauber’s salt 
was then added and dyeing was continued for another 
10 minutes. The samples were removed from the dye 
bath, given a cold water rinse and air-dried. The relative 
colorations produced by the various coloring assistants 
towards this otherwise totally non-at?nitative substrate ma 
terial are presented in tabulated form in Table II. The 
samples were rated in accordance with the following depth 
of color scale ‘which is based on a qualitative ranking with 
ratings of from 3 to 5 being considered to be good dye 
mg: 

5=very deep shade 
4=deep shade 
3=medium shade 
2=light shade 
1=tinting only 
0=no coloration—sample remains white. 

By reference to these data, it will be seen that by far 
the deepest color was produced by coloring assistant No. 
9. It should be mentioned that the relative ratings of the 
coloring assistants as given in the following table fol 
lows very closely the ratings obtained with the 
same aminoalkyl silicones in the ?xing of substantive dye 
stuffs on cotton and rayon fabrics according to the process 
of my aforementioned copending application, 
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‘TABLE 11 

, Jig dyeing of aminoalkyl silicone-treated glass textiles 
with cellulose substantive .dyestutf 

_. (‘DYE HAVING A COLOR INDEX NUMBER OF 24410) 

Aminoalkyl silicone coloring Depth of shade 
assistant (Table I): scale 

9 _______________________________________ __ 5 

1O ______________________________________ __ 4 

l2 ______________________________________ __ 4 

15 ______________________________________ __ 3 

6 _______________________________________ __ 3 

5 _______________________________________ .. 2 

11 ______________________________________ __ 2 

l4 ______________________________________ ._.. 2 

4 _______________________________________ __ 1 

1 a. _____________________________________ __ 1 

Control (untreated) _______________________ __ 0 

EXAMPLE II 

Fiber glass cloth: Direct dyes 
Samples of three different aminoalkyl silicone-treated 

glass fabric substrata were dyed in a pad dyeing operation 
employing a dye having a color index number of 29225. 
The dye baths contained two percent dyestuff and 0.5% 

of a wetting agent, and the dyeings were conducted at a 
bath temperature of 160° F. The samples of cloth were 
padded with the dye solution at 33.3% wet pick-up and 
dried for ?ve minutes at 300° F., followed by a cold 
water rinse. The results of these dyeings are tabulated 
in Table III below on the basis of the color scale of 
Example I. 

TABLE IIL-PAD DYING OF AMINOALKYL SILICONE 
TREATED GLASS TEXTILES WITH DIRECT DYESTUFFS 

Depth of color ratings 

Amino- Ainino- Amino 
alkyl alkyl alkyl 

silicone silicone silicone 
coloring coloring coloring 
assistant assistant assistant 

Dyestutl No. 9 No. 10 .No. 12 

0.1. 29225 ___________________________ __ 3 3 2 

(Control-uncolorcd) 

EXAMPLE III 

Fiber glass cloth: Acid wool dyestulfs 
Glass fabric swatches treated with various- different 

aminoalkyl silicone coloring assistants to deposit 1.65% 
solids as described in the preceding examples, were dyed 
with the following acid wool dye bath: 

2% of a dye having a color index number of 63010 (on 
cloth weight) 

10% Glauber’s salt 
1% acetic acid 
30:1 Bathzcloth ratio 

In these tests, the fabric samples were placed in the 
;dye bath at. 120° F. containing one-half of the acetic 
acid. The solution was heated to boiling temperature in 
15-20 minutes. The remaining acetic acid was then added 
and boiling was continued for 30 minutes. The samples 
were then removed from the dye bath and rinsed. 
The results of these dyeings are rated in tabulated 

form invTable IV below based on the rating scale of 
Example I. It will be noted ‘that the relative e?iciency 
rating of the coloring assistants is different than that ob 
tained with the same silicones on direct dyeing, although 
certain of the assistants ‘were effective for both classes 
of dyestuffs. 
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,. w , TABLE‘IV - I 

‘ Jig dyeing of aminoalkyl siliconetrcated ?ber glass 
I “ textiles‘withacid wool dyestu? ' I ' ' 

l‘ - torn, HAVINGr a scorlori ilvnmx NUMnE'R on 63010 . 
Aminoalkylsilicone coloring ., .. 'Depth‘of shade 
assistant (Table I)‘: ,;.-, ~ ‘ I‘ ratings 

15 
10 
9 
5 

a‘ » 11; ' 

,_ ,_, a 1. . 

" a‘ Control (untreated) _____' _____________ __'____. ‘i-inwwwwwwn-h-h 
‘e ' ‘ ' EXAMPLE IV 

_ Fiber glass clothyAcidxwool dyestu?‘s ‘ 

rv .An .acid dye having a color index number. of 18050 was 
tested with , glass cloth substrata by the exact same tech 
nique described in Example III. The results ‘of these dye 
ings are rated in tabulated form in Table V below on the 
rating scale of Example I. It will be noted that coloring 
assistant No. 17 was superior to the other aminoalkyl 
silicones tested, whereas No. 9, which produced superior 
results with the cellulose ?ber reactive dyes, was relatively 
less effective with these dyestuifs. 

TABLE V 

Jig dyeing of aminoalkyl silicone-treated ?ber glass‘ 
I textiles‘ with acid dyestuffs , , 

Depth of color ratings 
‘ Dye having a color index 

' number of 18050 

Aininoalkyl silicone eoloring assistant (Table I): 
_ 17 _____ __l ’ s 

I ‘10 -- 4 

:12, 4 
9 , _ 2 

15 _ - > __ l 

v,Control (untreated) _______________________ __ 1 

-. , t-wsxeMPLEvp , 

' I‘ _ ' "Fiber glass cloth: Vat dyestuffs 

jected to dyeings 'with the‘vat' dyestulf having 'a color in 
dex number of ‘5982,5/6 using the following dye bath 
and dyeing cycle: " ‘ ' 

27%‘ vat dye on fabric weight ‘ 
1% NaOH 
_,1.5% sodium hydrosul?te I, I 1 
'40:1 bath:cloth ratio ' 
25 minutes at 120° F. 

The dye bath was kept at 120° F.,‘ the'samples were 
added and agitated for 10 minutes. NaCl as‘ a 10% solu 
tion was added to promote exhaustion. After 5 minutes, 
v,more NaCl ‘was added. The total dyeing time was 25 min 
.utes. The samples were then removed'from the ‘dye bath 
and,‘ rinsed_in_ coldjwater‘. They. were then immersed in 
antoxidizing solution containing 0.5% of 30%.hydrogen 
peroxide, [soaped and air dried. The results of these dye 
,ings ‘are shown in tabulated form inTable VI below on 
vthe basis‘ of, ,the ,rating" scale of Example ‘I._ ‘It ‘will be seen 
,that all of the‘ coloring assistants tested were effective in 
‘promoting coloration of the ?ber glass substrata, whereas 

' at least half of them produced medium to very deep color 
ation‘ of the ?ber glass. _ I, ' " ’ 
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‘Aminoa‘lkyl ‘silicone-treated ?ber glass textiles prepared 
in accordance, with the procedure of Example I were sub 
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TABLE VI 

Jig dyeing of aminoalkyl silicone-treated fiber glass 
7 textiles with vat dye 

A VAT DYE HAVING A COLOR INDEX NUMBER 59825/6 
Aminoalkyl coloring .Depth of color 
assistant. (TableI): ratings 

10 __ 

EXAMPLE VI 

Fiber glass cloth: Vat dyestu?s 

Additional vat dyeing of aminoalkyl silicone-treated 
glass cloth substrata were conducted with the following 
dyestuffs: 
‘ Vat dye having a color index number of 59825/6. 

Vat dye having a color index number of 70800. 
The dye baths and dyeing technique were as follows: 

2% vat dye on cloth weight 
1% NaOH 
1.5% sodium hydrosul?te 
30:1 bathzcloth ratio 
25 minutes at prescribed temperature 

The dyes were initially pasted with one to two drops 
of sodium alkyl sulfate wetting agent and a small amount 
of water. The predissolved NaOH was added and then 
the remainder of the water. After raising the bath tem 
perature, the hydro was added with stirring and allowed 
to stand for 15 minutes. The pieces of glass cloth were 
wet-out at the desired temperature with a solution of the 
wetting agent and placed in the dye baths. After 15 
minutes, 10 grams of 10% NaCl for each 10 grams of 
cloth were added to the baths. After 5 minutes an equi 
valent amount of salt was again added and dyeing con 
tinued. The swatches were removed from the dye baths, 
rinsed in cold water and oxidized in 0.5% of 30% hy 
drogen peroxide solution. They were then soaped in 
a" 1% soap solution at 50-60“ C. and rinsed. 
. The results of these dyeings are presented in tabulated 
form in Table VII below on the basis of the color scale 
oi‘: Example I. With reference to these ratings, it will be 
seen that coloring assistants Nos. 9, 17 and ‘12 produced 
the best colorations. 

TABLE VII.—JIG DYEING OF AMINOALKYL SILICONE 
TREA’I‘ED FIBER-GLASS TEXTILES WITH VAT DYE 
STUFFS , ' 

Dye Dye 
having having 

color color 
, v t . index index 

“ ' " ' Number Number 

'Aminoalkyl silicone coloring assistant (Table I) ' 59825/6 70800 

9 _______________________________________________ __ 5 4 

17.- 4 4 
12_ _ 4 4 
15__ 3 3 
10"‘. _____________ __ 2 3 

Control (untreated) ............................ _. 0 1 

EXAMPLE VII 

Fiber glass, cloth: Vat dyestuffs 
'- ' Two additional ‘vat dyestuffs were employed in pad 
dyeing of aminoalkyl silicone-treated glass cloth sub 
strata, namely, vat dyes having color index numbers of 
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70320 and 71050, respectively. The dye baths for these 
colorings were formulated as follows: 

Grams 
Vat dye _________________________________ __ 2.5 

NaOH __________________________________ __ 4.0 

Hydro __________________________________ __ 6.0 

Water ___________________________________ __ 402 5 

The dye baths were prepared as described in Example 
VI. The samples of ?ber glass cloth Were wet-out with 
a solution of a sodium alkyl sulfate wetting agent and 
padded at 33.3% wet pick-up through the dye solution. 
They were rinsed in cold water, oxidized in 0.5% of 
30% hydrogen peroxide, rinsed and air dried. 
The results of these dyeings are presented in tabulated 

form in Table VIII below on the basis of the color scale 
of Example I. By reference to these results it will be 
seen that only light shades were obtained with all of the 
coloring assistants, and it is believed that a higher dye 
concentration would result in improved colorations. 

TABLE VIIL-PAD DYEING OF AMINOALKYL SILICONE 
TREATED FIBERGLASS CLOTH WITH VAT DYESTUFFS 

Depth of color ratings 

Dye Dyo 
having having 
a color a color 

> index index 
Aminoalkyl silicone corloring number number 
assistant (Table I) of 70320 of 71050 

3 2 
__ 2 2 

10 2 2 
Control (untreated) ____________________________ .. 2 2 

EXAMPLE VIII 

Fiber glass cloth: Concentration studies of coloring 
assistants with miscellaneous dyestuffs 

General.—A group of seven di?erent coloring assist 
ants were tested in a series of concentration studies con 
ducted on ?ber glass cloth substrata in conjunction with 
various types of anionic dyestuffs. In this study, the 
aminoalkyl silicone coloring assistants were applied to 
?ber glass cloth samples from three different pad-bath 
concentrations, namely, 3%, 6% and 9% solids. On 
padding, the wet pick-up was 25% such that the respec 
tive concentrations actually deposited 0.75%, 1.50% and 
2.25% aminoalkyl silicone solids on the glass cloth sub 
trata. These dyeings were conducted with the following 
speci?c coloring assistants from among those listed in 
Table 1: Nos. 1, 4, 5, 9, 12,15 and 17. 

All of the coloring assistants were applied from aque- , 
ous solutions containing 0.1% of a sodium alkyl sulfate 
wetting agent. Coloring assistants Nos. 9, 12 and 17 
were used with 5% acetic acid in the dye baths, since 
these silicones do not exhibit suf?cient solubility in water 
alone. After padding, all of the treated samples were 
dried for 10 minutes at a temperature of 300° F. Color 
ing assistant No. 15 was restricted in its use to the 3% 
concentration owing to an insu?icient supply of this sili 
cone. Upon treating, the substrate samples had varying 
degrees of fullness. 
Dyeing of the aminoalkyl silicone-treated substrata 

was effected with ten different dyestuffs of various classes. 
These dyeings are detailed within the following sub~ 
sections: 

(A) Direct and developed dyestulf 
Dyestuff: A dye having a color index number 22.590 
Dye Bath: 

5% dye on cloth weight 
0.5% dioctyl sodium sulfosuccinate-—75% 

Bath ratio: 30:1 

The dyestuif was pasted with small amounts of hot 
water and the sulfosuccinate wetting agent was added to 
the dye bath at a temperature of 122° 'F. The samples of 
glass cloth, pre-wetted with water, were then added to the 
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dye bath. The temperature of the dye bath was raised 
in 15 minutes to 180° F., then v1.5 ‘milliliters of 10% 
sodium chloride solution was added vper each gram of 
fabric in the bath. Dyeing was continued for 15 minutes 
at 180° F., then the same amount of sodium chloride 
was added to the bath. Dyeing was continued for an ad 
ditional 15 minutes. The cloth samples were removed 
from the dye bath and rinsed in cold water before diazo 
tizing. The following diazotizingbath was employed: 

3% sodium nitrite 
6% HCl (37%) (all on weight of cloth) 
Bath ratio of 30:1 ' 

The rinsed glass cloth samples were placed .in the 
diazotizing bath andrkept at 107-15 ° C. for 10 minutes. 
The samples were then removed and developed in'a so 
lution consisting of 1.0% beta naphthol and 0.5% so 
dium hydroxide, at 122° F. for 10 minutes. Theywere 
thereafter rinsed in cold water followed by scouring with 
0.5% of an anionic surfactant (fatty methyl tauride) 
at 160° F., and ?nally cold water-rinsed and dried at 
room temperature. ~ . _. . 

The results of this dyeing operation as well as the 
‘remaining dyes given in subsections B-J below, have 
been tabulated for convenient reference within Table IX 
presented hereinafter. - 1 

(B) Vat dyestulf 

Dyestuff: A dye having a color index number of 59825/ 6 
Dye bath: - - 

3% dye on cloth weight 
1.5% sodium hydrosul?te on cloth weight 
1.0% sodium hydroxide on cloth weight 
0.5% dioctyl sodium sulfosuccinate—75% 
Bath ratio: 30:1 

The dyestuif was pasted with the wetting agent and a 
small amount of warm water, and then added to the 
rest of the water. Thereafter, the sodium hydroxide was 
added to the dye bath, and the bath temperature 
raised to 120° F. The sodium hydrosul?te was 
slowly added with stirring and the resultant bath was 
permitted to stand for 15 minutes at 120° F. The sam 
ples of glass cloth were wetted with the 0.1% of a so 
dium alkyl sulfate solution and added to the dye bath. 
After 15 minutes, 1 milliliter per gram of fabric of 10% 
sodium chloride solution was added to aid exhaustion. 
After 5 minutes, thevsame amount of sodium chloride 
was added and dyeing continued for 5 more minutes. 
The samplesiof glass cloth were removed from the dye 
bath, rinsed in cold water, and oxidized in 0.5 % hydro 
gen perioxider solution. They were then soaped at 160° F. 
‘in 0.5% of an anionic surfactant solution, rinsed and 
dried. 

' (C) Vat ester'dyestuif 

Dyestutf: A dye having a color index number of 59825 / 6 
Dye bath: 

3% dye on cloth weight w , I 

0.5% dioctyl sodium sulfosuccinate—75% on cloth 
weight ' 

1.0% Glauber’s salt 
' 0.5 %' sulfuric acid 
2.0% NaNOz on cloth weight 
Bath ratio: 30: l - 

v The dye was 'pa'sted with'wetting agent and warm 
water and then diluted with ‘cold water. The glass cloth 
samples were wet‘o‘u't with 0.1% ‘solution of a sodium 
alkyl sulfate wetting agent'a'n'd' placed in the dye bath. 
The’temperature :was- raised 'tog140°' F. After 10 min 
utes, one half of ‘the Glauber’s salt was added and dye 
ing was continued for 10minute's. Then the remaining 
"Glauber’s salt andsodium nitrite, predissolved, were 
added.‘ The bath was stirred for 10 ‘minutes ‘and then 
cooled to 100° F. At this ‘point, the sulfuric acid, pre 
mixed with 4 parts of water, was added. The color was 



3,545,909 
25 

allowed to developed , for‘ 10 ,minutes, the dyed glass 
cloths, were removed from the bath, rinsed‘in water, and 
then soaped 'in'a 0.5%‘ solution of. a fatty methyl tauride 
surfactantat 160° 'F. After a‘ cold water rinse, they 
were air-dried. 

- ‘- r i I -' . (D) Direct dyestulf-l 

Dye'stulf: A'dye havingja’color index number of 24410 
bye'natmf " “ ‘ " " ‘ 

‘I 3.0% dye on cloth weight , 
J “025% dioctyl ‘sodium sulfosuccinate—75% 

Bath ratio: 30:1 " I , . ' 

e In this dyeing operation, the glass fabrics were wet out 
With,a.0.1% solution of a sodium. alkyl sulfate wetting 
agent, and immersed in, the dyebath at 160° F. The tem 
peraturewasraised to 180° F. in 15-20 minutes, and 
1.millili_ter~._per gram of fabric of a 10% sodium chloride 
solution‘ was added to promote exhaustion. After 15 min 
utes, the same amount of salt was added. After 10 more 
minutes, ‘the'same amount of salt was again added. Dye 
ing was continuedfor‘ 10 minutes longer, then the sam 
plesgwerer removed, rinsed in a 10% sodium chloride 
solution ,at 795° F.,,‘soaped in a 0.5% solution of a fatty 
methyl tauride surfactant, and then given two cold water 
rinses and air-dried. , ‘ I ._ _ 

(E) Naphthol dyestu?' 
Dyestuff: A base having a color index number of 37505 
Dye bath: 

3.0 grams ,Naphthol AS per 5 grams of cloth 
10.0 cubic centimeters of methoxyethanol per 5 
grams of cloth 

3.0 cubic centimeters 62° Twaddle NaOH 

The dyestuff was pasted and added to 250 cubic centi 
meters (per each 5 grams of cloth) of water, to which 
were added 4 cubic centimeters of 62° Twaddle NaOH. 
The cloth samples were wet out with a 0.1% solution of 
a sodium alkylv sulfate‘ wetting agent, and added to the 
base solution. After 10 minutes at room temperature, there 
was added 10% sodium chloride, based on the weight 
of the cloth samples in the bath. After 10 minutes, the 
samples were removed and the excess liquor was ex 
tracted by padding. The samples were then dried for 5 
minutes at 250° F. - 

Color salt.—-The above samples were padded through 
a 5% aqueous solution of the color salt and held for 30 
seconds in air to develop the color before rinsing in cold 
water. They were re-rinsed in warm water, followed by 
soaping in a 2% soap ?ake solution and 1% Na'2CO3, and 
?nal water rinsing and drying. . I ‘ 

. T: The results of the foregoing series of dyeings are tabu 
lated in Table below'on the basis of the color scale 
of .Example I. By reference to the table, it will be seen 
.‘that coloring assistant No. 1 and its polymer No. 4, pro 
duced generally inferior colorations in all of the 5 dye 
ings. Coloring'assi'stants‘Nos. 5 and 15 yielded medium 
-{ depth of color- with some of the dye classes, but inferior 
Ijcoloring with others. Very little improvement could be 
--'detected upon increasing the bath conventration from 3% 
‘to 9% for these four coloring assistants. " 
, 'I'hetwo most ef?cient coloring assistants at all con 
fjcentrations were Nos."17 and 9. These seemed to ap 
'1 proach' the most universal status for all dye classes, with 
3N0. 9fpossibly exhibiting the better action of the two, 
"although it was poorest for the naphthol ?nishing. 

Coloring assistant No. 12, which is a copolymer of 
‘-No. 1, gave the third best performance on a universal 
,basis, i.e., general dyeing. While it was poorer than ‘Nos. 
1'9 and 17 in some classes, it yielded bettter dyeing with the 
“naphthol dye. ' 

It was concluded on the‘ basis of these tests as well 
as those reported. in Example I-VII, that coloring assist 
ants Nos. 1, 4, 5 and 15, whether applied from acid or 
“alkaline ‘systems to these‘ most dif?culty colorable sub 
v“'strataQare generally inferior to assistants Nos. 9, 12 and 
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17. On the other hand, the application of the former four 
coloring assistants to heat clean glass cloth, under the 
alkaline conditions employed in these tests, seemed, to 
yield poorer colorations than those previously obtained in 
the acid cycle. 
TABLE IX.—-OONCENTRATION STUDIES OF COLORING 

ASSISTANTS WITH VARIOUS DYESTUFFS ~ ' 

' Depth of color ratings 
Amlnoalkyl silicone 
coloring assistant Van 
(Table I) D & D Vat Ester Direct-1 NaphthoI 

Control-None ___________ .- 1 1 2 1 3 
N . 12(3%) 2 4 '4 1 2 

. 3 4 5 1 2 

. 3 4 5 1 1 

. 4 5 3 1 1 

. 4 5 3 2 3 

. 5 5 3 2 4 

. 4 4 4 3 1 

. 4 4 5 4 ' 3 

. 5 4 5 5 3 

. 2 3 3 1 2 
Oontr 1 1 2 1 1 
No. 1( 1 2 2 1 4 
N0. 1 0 1 1 ~ 1 
N0 1 0 2 1 I 
No 2 2 2 1 1 
N0 1 1 1 1 1 
N0 1 0 2 1 I 
N0 2 3 3 1 1 
N0 2 2 3 1 1 
No 2 2 3 1 1 

EXAMPLE IX 

Fiberglass cloth: Delta-aminobutyl-substituted coloring 
assistants with various dyestuffs 

In view of the relatively unique activity of coloring 
assistant No. 9 in previous dyeings, studies were made 
with a group of crude products containing the same func 
tional group to determine the effects of purity on the 
overall color a?inity activity of the aminoalkyl silicones. 
In these investigations, the relatively crude silicone color 
ing assistants Nos. 31, 32 and 33 were compared with 
coloring assistant No. 9, their monomeric parent No. 30, 
and No. 2, a trifunctional material containing the same 
aminoalkyl substituent. 
The coloring assistants were all applied to glass cloth 

substrata from padding baths containing 5% aminoalkyl 
silicone solids, 5% glacial acetic acid, 0.1% of a sodium 
alkyl sulfate wetting agent, and 89.9% water. The wet 
pick-up on padding was 30%, so that 1.5% silicone was 
present on the glass cloth prior to curing at 300° F. for 
10 minutes. 
The six differently treated fabrics were each dyed with 

?ve different dyestulfs of the following formulations: 
.This dyeing was also effected in accordance with the 

same technique as described in Example XIV, Section (G) 
above. - ' ‘ 

(A) Acid dyestuff-neutral dyeing‘ ' , 

Dyestuffz' A dye having a color index number of ‘22245 
Dye bath: ~ 

3.0% dye on cloth weight , A 
20.0% Glauber’s salt on cloth weight 

'Bath Ratio: 30:1 
In this dyeing, the glass fabrics were wet in a 0.1% 

solution of a sodium alkyl sulfate wetting agent and then 
placed in the dye bath at 120° F. The bath temperature was 
raised to 160° F. in 30 minutes and the samples were dyed 
for another 30 minutes without further heating of. the 
.dyebath. They were then removed, soaped in a 0.5 % soap 

’ ?ake solution at 160°_ F ., rinsed twice with cold water and 
air-dried. 

(B) Vat ester dyestuff—-1 
Dyestuff: A dye having a color index number of 59825 / _6 
Dye batth: Same as in Example VIII, subsection (C) 

r This dyeing was effected in accordance with procedure 
described in ExampleVIII, subsection (C) above. 
(C) Vat ester dyestuif-—2 
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Dyestuff: A dye having a color index number of 73395/ 6 
Dye bath: Same as in Example VIII, subsection (C) 

This dyeing was also effected in accordance with the 
procedure described in Example VIII, subsection (C) 
above. 

(D) Direct and developed dyestutf 
Dyestutf: A dye having a color index number of 22590 
Dye bath: Same as in Example VIII, subsection (A) 

This dyeing was effected by the procedure described in 
Example VIII, subsection (A). 

(E) Sulfur dyestutf 

Dyestut’f: A dye having a color index of 53720/1 
Dye bath: 

3.0% dye on cloth weight 
3.0 sodium sul?de on cloth weight 
10.0% Na2CO3 on cloth weight 

Bath ratio: 50:1 

In this series of dyeings, the dyestutf, sodium sul?de 
and 10 parts of the total water (boiling) are mixed to 
gether and then diluted to full volume with cold water. 
The N212CO3 was added and stirred. Thereafter, the treat 
ed glass cloth samples were immersed in the dye solution 
and heated to l95—200° F. and maintained at this tem 
perature for 15 minutes. Twenty percent sodium chloride 
based on cloth weight was then added and dyeing was con 
tinued at l95—200° F. for 45 minutes. The samples were 
removed from the dye bath, rinsed in warm water, soaped 
in a 0.1% solution of a sodium alkyl sulfate at 160° F., 
rinsed in cold water, and ?nally air-dried. 
The results of the foregoing dyeings have been presented 

in tabulated form in Table X below based on the color 
scale of Example I. By reference to these data, it will be 
seen that the crude hydrolyzate coloring assistants Nos. 
31, 32 and 33 of the monomeric coloring assistant No. 30 
gave depth of color ratings similar to the pure coloring 
assistant No. 9 of related structure. Of the ?rst three 
coloring assistants, Nos. 31 and 32 were virtually identi 
cal in performance to the pure coloring assistant No. 9. 
No. 33 produced slightly less depth of color with a few 
of the dyes. These tests clearly demonstrate that the less 
expensive crude compositions can be employed in lieu of 
the pure aminoalkyl silicone coloring assistants. 

In examining the samples treated with the monomeric 
coloring assistant No. 30, it was found that these general 
ly had less color than those treated with the polymers, al 
though in a few cases they were equal or substantially » 
equal in performance. The trifunctio‘nal silanic coloring 
assistant No. 2, in turn, produced less general coloration 
than the difunctional silanic coloring assistant No. 30. 

Although the two monomeric coloring assistants (2 and 
30) presumably deposited less total solids after curing 
(due to loss of C2H5OH), the differences in depth of dye 
ing produced between these and the polymeric coloring 
assistants (31, 32 and 33) may not be simply a function 
of the weight of silicone on the substrate. That is to say, 
the concentration studies reported in Example VIII for 
other monomers, do not show improvements in dyeing 
re?ecting a threefold increase in the concentration of ap 
plied solids. 
TABLE X.—DELTA-AMINOBU'I‘YL-SUBSTITU'I‘ED MONO 
MERS AND POLYMERS APPLIED TO FIBERGLASS CLOTH ' 
AND DYED WITH VARIOUS DYESTUFFS 

Depth of color ratings 

Vat Ester 
Amiuoalkyl silicone coloring — 
assistant (Table I) Neutral 1 2 D & D Sulfur 

5 5 2 5 5 
4 ____ __ 2 5 4+ 
4 4 2 5- 4+ 
5+ 3- 2 4 4+ 
3 4- 2 4- 4+ 
3- 3 3 2 2 
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EXAMPLE X 1 " 

Fiberglass textiles: Sulfur, vat and soluble vat ester dye 
ings of delta-aminobutylmethylpolysiloxane-treated 
substrata ' ' 

In view of the previous performance of coloring as 
sistant No. 9, a series of glass textile substrata treated 
with this silicone were subjected to dyeings with various 
dyestuffs from the classes of vats, soluble vat esters and 
sulfur colors to obtain additional data on range of shades, 
etc. In these dyeings, the various dyestuffs were used in 
glass cloth which had been pretreated with a 5% acetic 
acid solution of coloring assistant No. 9. The sulfur colors 
and regular vat dyes were employed at 3% concentrationv 
based on weight of cloth, whereas the soluble vat esters 
were employed at 3% and, in some cases, at- 5% con 
centration. The dyeings for each class of dyestuff was 
effected by the same procedures described‘ hereinbefore 
for these respective classes. In the case of the vat dyes, 
the dyeing temperature recommended by the manufac 
turer for each dye was used. The dyestuffs selected for 
testing included many which have lightfastness- ratings 
of from 80-160 Fadeometer hours. The dyes are listed 
below by Color Index Number: 

(A) Sulfur dyestuffs 
53055 
5440 
53720/1 

(B) 
59100/1 
59825/6 
73395/6 

(8) c1. 73360/1 
(9) or. 69500/1 
(10) or. 73065/6 

(C) Regular vat dyestuffs 
59825/6 
70800 
71050 
59100 
59850 
73360/1 
69825 
73065/6 

(1) Cl. 
(2) Cl. 
(3) CI. 

Soluble vat ester dyestuffs 
(5) Cl. 
(6) Cl. 
(7) Cl. 

(11) or. 
(12) 0.1. 
(13) Cl. 
(14) or. 
(15) 0.1. 
(16) or. 
(17) 0.1. 
(18) c1. 
(19) 0.1. 70320 
(20) 0.1. 59705 
TABLE XL-DEPTH OF COLOR RATINGS OF DELTA-AM 
INOBUTYLMETI-IYL-POLYSILOXANE-TREATED' FIBER 
GLASS SUBSTRA'I‘A WITH THREE FAST DYE ‘CLASSES 

[Sulfur, vat and soluble vat esters] 

Depth 
of 

color 
rating 

Percent 
dyestu? 

Dyestutf: 
(1; 53055 ________________________________________ . . 
(2 

(11) 50825/6. 
(12) 70800. ._ 

(17) 69825__. 
(is) 73065/6 
(19) 70320.. ‘ 
(20) 50705 ............. ........................ _. 

EXAMPLE XI’ 

Silicious sand: Sulfur dyestuff‘ _ ' 

A sample of ordinary beach sand was treatedvvwilth 
coloring assistantv No. 9, and thereafter testedfor color 
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ability with a sulfur dyestuff. In this test, the aminoalkyl 
silicone treatment consisted of the following: 
410.0 ‘parts beach sand 
5.0 parts coloring assistant No. 

30 
these dyeings are tabulated in Table XII below on the 
basis of the color scale of Example I. As will be seen by 
reference to these data, medium to dark colors were pro 
duced with all of the dye classes. - 

TABLE XII.——DYEING OF AMINOALKYL SILICONE-TREATED (NO. 9) 
SYNTHETIC AND SEMI-SYNTHETIC ORGANIC FIBERS WITH NON 
AFFINITATIVE DYESTUFFS 

Depth of color rating 

Dyestu? Fabric Untreated Treated 

Dye having a color index number of 24410 ___________ -. Acetate_-_ 
D _ .. _. __ -_ Dacron-. 

Do‘ _________________ -I .... -I ____________________ __ 

Dyegiaving a cglor index number of 5982516- 
” Dynel. ___ 

Acetate _______________ -. tmc-mmmoawrog-wswuwwwm 
5 .0 parts glacial acetic acid 
0.1 part of a sodium alkyl sulfate wetting agent 

The foregoing mixture was stirred for 30 minutes at room 
temperature, ?ltered and dried at 300° F. for 10 minutes. 
‘A sample of the treated sand was then dyed with a sulfur 
'dy'e' according to the following procedure: 
Dyestulf: A dye having a Color Index Number of 53720/1 
,Dye bath‘: 
I 0.5 gram of dyestuif ‘ I 

10.0 grams of treated beach sand 
0.5 ‘gram of sodium sul?de 
39.0 grams of water , 

- 110 gram of Na2CO3‘ 
, 2.0,grams of NaCl 

‘The dye_ and sodium sul?de were dispersed in water at 
.room temperature. The sodium- carbonate was added and 
the dye bath raised to 180? F. The treated sand was then 
added and the bath temperature raised to 195-200° F. 
vAfter 15 ‘minutes, the sodium chloride was added. Dyeing 
was continued for 45 minutes at 195-200” F. The dyed \ 
3sand was then removed from the dye bath, rinsed in 
warm water, water and a' sodium alkyl sulfate detergent, 
--water'aloiie,"and‘dried. » _ a I‘ 

A'- sample ‘of untreated beach ‘sand which was used as 
a control was absolutely uncolored, whereas the amino 
alkylsilicone-treated sand which dyed with the sulfur 
dyestuif had a dark brown color very much like that of 
coarse ground coifeefa color. of 5 on- the basis of the 
color scale of Example I. " 

2' ‘a ,_ EXAMPLE XII 

Synthetic and semi:synthetic organic ?bers: miscellaneous 
1' , normally non-af?nitative dyestuffs 

2,5 i 
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‘Samples of Dynel fabric, acetate‘ta?eta, spun Orion,‘ 
and Dacron‘challis were treated ‘with padding solutions 
consisting of ‘5% of coloring assistant No. 9, 5%: acetic 
acid and 90% ‘water. After-padding, the Dynel and acetate 
fabrics were dried at, 250° F. for 5 minutes. The Dacron I: I‘ 
and Orlon were driedfor 5 minutes at 300‘? .F. 

of'thetr'eated samples weresubsequently dye'dlwith 
3%: dye concentrations of the following dyestul‘r'sz' ‘ 
1‘( l3) dyehaving a’color index number of 5372-0/1 
L (2:) --A dye having a'color index number‘ of 59825/6'v 
5(3)‘ A dye havinga color index number of 59705 
. (4) -:A dye ‘having a color index number of 24410 7 

‘i In v'eaeh instance; the dye proceduresvwere as previously 
describedfor dyeing glass fabric, substrata. The results of 

6? Fiberglass cloth: ‘Single vbathpigme‘nt dyeing with amino 

7.5 

EXAMPLE XIII 

Dye a?inity tests: Miscellaneous fabrics and non-aflinita 
tive acid dyestuff applied by normal dyeing techniques. 
A series of tests were conducted with coloring assistant 

No. l at a 10% bath concentration to determine the 
ability of the alminoalkyl silicones to impart enhanced 
color a?inity to various textile substrata towards normally 
non-affinitative dyestulfs. An acid dye, namely, a dye 
‘having a color index number of ‘63010, was selected for 
this study, and was used in conjunction with substrata 
samples of the following types: 

Cotton Acetate 
Dacron Viscose 
Orlon Glass 
'Dynel 

In all instances, the swatches of fabrics were treated 
‘with coloring assistant No. 1 and dried at 300° F. for 10 
minutes. They were then dyed together with the selected 
acid dyestuff at a 2% (on fabric) concentration employ 
ing normal textile dyeing procedures. The dye bath fur 
ther included 1% acetic acid and 10% of Glauber’s‘ salt. 
‘The bath ratio was 40:1. ‘Dyeing was started at 120‘?- ‘F. 
“and-raised to 212° F. in 20 minutes, and maintained ‘at 
this temperature for 30 minutes longer.v Acid‘wa's" added 
and dyeing continued" for 30 minutes more‘ at 2129 F. 
The dyed samples were rinsed at 160° F. and 120‘? F2, 
vfollowed by two ‘cold water rinses, ‘followed by press 
‘drying, > . ._ , v I .. 

v“All of the samples demonstratedgood dye a?inity,'but 
the depth of shade fora few was lighternthan normal.- v 

EXAMPLE'XIV ' 

alkyl silicone—pigment dispersions’ 

. - Another series of ?berglass drapery fabric samples‘ were 
subjected, to single. bath . pigment dyeing .operations with 
the following pigments: ~ 

1A pigment having a color indexnurnber of ‘21090-; .. 
v,A pigment having a color indexnumber ofj74260 ' 
_A pigment having a’ color index number :1, 

,‘_Th_e padding‘ mixes were‘ formulated as follows‘: 
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.Water ______________ __'_ ____________________ __ 46 
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' The swatches were padded through the three mixes and 
then dried for 10 minutes at 300° F. Portions of each 
sample were dry cleaned for 5 minutes in perchloro 
ethylene. A second portion of each swatch was soaped 
washed at 160° F. in an automatic washer. All samples 
were well colored both before and after the washing and 
dry cleaning. 

EXAMPLE XV 

Fiberglass cloth: Single bath dyeing with aminoalkyl 
silicone-dyestuff solutions 

In line with the excellent results obtained with single 
bath dispersions of insoluble pigments for dyeing ?ber 
glass cloth, additional tests were conducted using the 
same technique in conjunction with soluble dyestuffs. The 
dyestuffs were either applied from acidic-aminoalkyl sili 
cone solutions in water, or where the dyes were not 
miscible with these solutions, either and/or both water 
or alcohol solutions were employed. The following dye 
baths and dyeing procedures were employed in this series 
of dyeings: 

(A) Vat dyestu? 
Percent 

A vat dye having a color index number of 59825/ 6 __ 3 
Coloring assistant No. 31 ______________________ __ 
Acetic acid _________________________________ __ 5 

Water _____________________________________ __ 87 

Here, the heat-clean glass fabric was padded through the 
coloring solution and then dried for 10 minutes at 300° F. 

(B) Soluble vat ester dyestuff 

Percent 
A soluble vat ester dye having a color index number of 

5 9825 / 6 3 
Coloring assistant No. 31 ______________________ __ 5 
Acetic acid _________________________________ __ 5 

Water ___- 87 

In this dyeing, the glass cloth was handled as with the 
regular vat dye by padding and drying at 300° F. for 10 
minutes. The fabric was then padded through 0.1% solu 
tion of sodium nitrite, followed by a 0.25% solution of 
sulfuric acid to oxidize the vat ester, followed by rinsing 
and drying. 

(C) Sulfur dyestuff 
Percent 

A sulfur dye having a color index number of 
53720/1 __ 3 

Nags ______________________________________ __ 3 

Coloring assistant No. 31 _____ _>_ ______________ __ 5 

lHgo-methanol ( 50/50) ______________________ __ 89 

The sulfur dye and sodium sul?de were dissolved in boil 
ing water, then the solution was cooled to room tempera 
ture. The coloring assistant dissolved in methanol was 
added, and this solution was padded on the glass fabric 
and dried for 10 minutes at 300° F. 

(D) Acetate “dispersed” dyestutf 

10 

15 

20 

32 
(F—I) :1: 

Percent 
Dyestu? ~ 3 

Coloring assistant No. 31 _____________________ __ 5 
Acetic acid ___ ____ 5 

Water ____ ___-_ 87 

Again, in this series the glass cloth was padded and dried 
10 minutes at 300° F. 

All of the glass fabrics as dyed in this series of dyeings 
were washed with soap at 160° F. in an automatic 
washer. Both the cationic-dyed fabric and the acetic dis 
persed-dyed fabric lost most of their color on washing, 
further con?rming the previous conclusions that the cat 
ionic and dispersed dyestuffs are not amenable for use 
with the aminoalkyl silicone coloring assistants of my 
invention. The remaining anionic dye classes all showed 
excellent initial dyeing, and good to excellent durability 
on washing. 
, These experiments clearly establish that even the solu 
ble dyestuffs may be applied from a single bath-type treat 
ing and coloring solution. 
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Percent ’ 

An acetate “dispersed” dye having a color index num 
ber of 62500 _____________________________ __ 3 

Coloring assistant No. 31 _____________________ __ 5 
' 46 

(E) Pigment ' 
_ _ _ _ _ I Percent 

A pigment having a color index number of 74260 ___ 3 
Coloring assistant No. 31 __________ __l. ________ __ 5 

Acetic acid _ 

In each of the last two dyeings listed above (D and E) 
the glass cloth was padded through the silicone-dyestuff 
solution and dried at 300° F. for 10 minutes. In addition 
to the foregoing dyeings, another series of direct, cationic, 
acetate and acid dyeings was made using the following 
non-alcoholic acid solution. 
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EXAMPLE XVI 

Fiberglass cloth: Lightfastness tests 

Swatches of heat-clean glass fabrics which had been 
colored with several different coloring agents and color 
ing assistant No. 9 were subjected to Fadeometer tests. 
In the tests, the samples were examined closely after each 
10 hours of light exposure. The following results were 
found for the fabrics dyed with the coloring agents in 
dicated: 

A vat dye having a color index number of 59825/6: Did 
not fade in 100 hours 

A vat ester dye having a color index number of 59825/ 6: 
Did not fade in 100 hours ~ 

An acid dye having a color index number of 63010: 
Faded in 80 hours 

An acid dye having a color index number 
Faded in 20 hours _ 

A direct and developed vdye having a color index number 
of 22590: Faded in 20 hours ' ' 

The results of these Fadeometer testings indicate that the 
lightfastness of colored glass substrates prepared in ac 
cordance with the processing techniques of the invention 
is largely determined by the dye class involved. The pig 
ments and vat colors, and selected dyes in other classes, 

at 18050: 

‘can be chosen basedon their usual known lightfastness 
to give the desired fastness properties. 

' EXAMPLE xvrr 

Polyethylene fabric: Pigment dyeing from single bath 
Samples of a low-pressure polyethylene fabric were 

padded through the following coloring mixes: 
Percent 

Pigment ____ __ ___-___‘ 5 

Coloring assistant No. 32 _____________________ __ 5 
Acetic acid _________________________________ __ 5 

The following pigments wereemployed in these dyeings: 
A pigment having a color index number of 21090 
A pigment having a color index number of 74260 
A pigment having a color index number of 74160 

After padding three times at 40% wet pick-up, the sam 
ples were dried for 10 minutes at 220° F. Very brilliant 
even colors were obtained. The samples were also dry 
cleaned in perchlorethylene for 5 minutes, and washed in 
an automatic washer with a commercial soap. There was 
no loss of color on dry cleaning, but rather,‘it resulted in 
an enhancement with all three colors. Similar applications 
on the same fabric without the coloring assistant yielded 
poorer results in all cases. I I " 

The results of these dyeings are presented in tabulated 
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form in Table XIII below on the basis of the color scale 
of Example I. 
TABLE XIIL-COLORING OF POLYETHYLENE FABRIC 

Depth of color rating 

Dry 
Color used Initial cleaned Washed 

Pi3g2ment with C1 of 74160 and Assistant 
_____________________________________ __ 4 5 

Pigment with CI of 21090 and Assistant 
No. 32 ________________________________ -_ 4 6 

Pigment with CI of 74260 and Assistant 
N0. 32 .............................. _- 4 5 

EXAMPLE XVIII 
Fiberglass cloth: Lactic acid versus acetic acid as a 

solubilizing agent 
This example shows the surprising bene?ts obtained by 

using lactic acid (as well as gluconic acid and diglycolic 
acid) as a solubilizing agent. 

Samples of heat-cleaned ?bed glass drapery cloth 
respectively were padded through dispersions containing 
2 wt. percent pigment having’a color index number of 
74160, varying amounts of coloring assistant No. 17 and 
either lactic acid or acetic acid in the amounts as shown 
by the table below: 

Dispersion 

1 2 3 4 

Coloring assistant, wt. percent ________________ _- 1. 0 2.0 3. 0 5. 0 
Acetic acid, 100%, wt. percent ________________ __ 0. 5 1. 0 1. 5 2. 5 

Dispersion 

5 6 7 8 

Coloring assistant, wt. percent ................ .- 1.0 2.0 3 0 5.0 
Lactic acid, 85% water solution, wt. percent.-- 0. 5 1. 0 1 5 2. 5 

The remainder of the dispersion (i.e., the amount required 
to make up to 100%) was water. 
The ?ber glass cloth was padded at 20% wet pickup. 

The cloth was dried and curved for three minutes at 400° 
F. After curing the colored cloth samples were tested by a 
soap wash test which involves placing 5" X 5" pieces of the 
colored cloth in an aqueous 0.5% neutral soap solution at 
120° F. The colored cloth pieces are stirred in the soap 
solution for 5 minutes, after which they are rinsed in cold 
water and dried. Color removal is indicated by inspection 
of the sample piece and the soap solution. The following 
table shows the fastness to washing: 

Dispersion _____________ _..1 2 3 4 5 6 7 8 
Fastness _______________ .._4 4 4 3 3 2 2 1 

Fastness c0de.--For the purposes of this example only, 
numbers from 1 to 4 have been assigned to rate the wash 
fastness results. Fastness number 4 indicates substantial 
color loss from the cloth and substantial color gain by the 
soap solution. Fastness number 1 indicates no color loss 
by the cloth and no color gain by the soap solution. Fast 
ness numbers 2 and 3 are proportionate intermediate 
gradations between fastness numbers 1 and 4. 
The soap wash test employed in this example is a partic 

ularly severe test and represents a great many normal 
washings. All of the colored cloth pieces tested exhibited 
outstanding color retention when compared with ?berglass 
cloth pigmented by the best heretofore known method. It 
is to be noted moreover that those cloth pieces colored 
With the dispersion containing lactic acid exhibited an 
even greater superiority in color retention than the pieces 
colored by dispersions containing acetic acid. Colored 
cloth pieces colored by the process of this example were 
also tested for color retention after severe cleaning with 
solvents including those used in dry-cleaning. In these 
solvent tests all of the colored cloth pieces showed out 
standing color retention over ?ber glass cloths colored 
by heretofore known methods. It also was shown that the 
colored cloth pieces colored with the dispersions contain 
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34 
ing lactic acid retained color to a far greater degree than 
the pieces colored by the dispersions containing acetic 
acid. It is still further to be notedthat when lactic acid is 
employed in the dispersion a lesser amount of coloring 
assistant is required for giving results equivalent to results 
obtained from the dispersions containing acetic acid. 
When gluconic acid and diglycolic acid, respectively, 

are employed in place of and in the same amounts as the 
lactic acid, the same surprising bene?ts are obtained. In 
this regard lactic acid, gluconic acid and diglycolic acid 
function in an additional role other than the role of 
solubilizing agents. This additional role designates the 
appropriate classi?cation of such acids as synergists, since 
the results of employing the coloring assistant and the acid 
(e.g. lactic, gluconic or diglycolic) are superior to results 
of employing either one without the other. 

I have found many classes of synergists which when 
used in place of lactic acid in this example provide similar 
superior color retention after wet or dry-cleaning and 
improve the effectiveness of the coloring assistant. The 
following have been found to be synergists: water 
soluble epoxy compounds, e.g., vinylcyclohexene dioxide, 
diglycidyl ether of 1,4-butanediol (i.e. 1,4-diglycidoxy 
butane), the polyglycidyl ethers of glycerol and the like; 
water soluble amine-formaldehyde compounds and resins, 
e.g., trimethoxymethylmelamine, dimethylolethylene urea, 
methylol urea, dimethylol hydantoin, and the like; water 
soluble salts of di- and tri'basic acid, e.g., the alums; methyl 
olsteramide; ammonium zirconyl carbonate; melamine 
formaldehyde stearamides, e.g., the reaction product of 
trimethoxymethylrnelamine and methylolst-earamide; the 
emulsion copolymers of acrylic resins, e.g., ethylacrylatei 
glycidyl-methacrylate copolymer, ethylacrylateitaconic 
methyl methacrylate terpolymer, ethyl acrylate-vinyltri 
ethoxysilane copolymer, ethyl acrylate-acrylamide co 
polymer and the like; ethyleneimine compounds, e.g., 
triethyleneimine phosphine oxide 

I (CH2GHZN_P(O) 3 / 
and the like; alkylolphosphonium halides, e.g., tetra 
methylolphosphonium chloride [ClP(-CH2OH)4]. 

These synergists, including lactic acid, glyconic acid, 
diglycolic acid and those previously mentioned, also 
provide similar superior results when added to dye baths 
such as those described herein as obtained when added to 
pigment dispersions such as those described in this 
example. 
The synergist can be added to the pigment dispersion 

or dye bath along with the coloring asistant or it may be 
applied to the colored cloth after treatment with the 
pigment dispersion or dye bath. 

In some instances the synergist will spontaneously 
react with the coloring assistant when aded to the 
dispersion or dye bath simultaneously with said coloring 
assistant. In such instances it is preferable to apply the 
synergist at a time subsequent to treatment with the 
pigment dispersion or dye bath. 
Having thus described the subject matter of my 

invention, what it is desired to secure by Letters Patent is: 
1. In a process for coloring solid, ?brous and pulveru 

lent substrate materials with a coloring agent selected 
from the group consisting of anionic dyestuffs and pig 
ment colors, the improvement that comprises promoting 
enhanced a?inity of the substrate material for the color 
ing agent by applying to the substrate an aminoalkyl 
silicone coloring assistant selected from the group con 
sisting of monomeric aminoalkylsilanes, aminoalkylpoly 
siloxanes, copolymers of aminoalkylpolysiloxanes with 
at least one other polysiloxane free of aminoorgano 
groups, such aminoalkyl silicone coloring assistant con 
tains one amino substituent for each aminoalkyl group 
therein and the nitrogen atom of the amino is connected 
to a silicon atom of the silicone directly through a diva 
lent hydrocarbon radical and the amino nitrogen atom is 
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separated by at least three carbon atoms from the silicon 
atom. 

2. The process of claim 1 wherein the substrate mate 
rial is ?ber glass. 

3. The process of claim 1 wherein said aminoalkyl sili 
cone coloring assistant contains the functional grouping 
of the formula: 

RI 

13141 
Ii” 

wherein R is a divalent hydrocarbon linkage of at least 
three carbon atoms chain length in which the amino ni 
trogen is substituted at least three carbon atoms removed 
from silicon; R’ and R" represent members selected from 
the group consisting of hydrogen, alkyl, cyanoalkyl, hy 
droxyalkyl, carboxyalkyl, carboalkoxyalkyl, aryl radi 
cals and silylhydrocarbyl. 

4. The process of claim 3 wherein the aminoalkyl sili 
cone coloring assistant is delta-aminobutyl-methyl-poly 
siloxane. 

5. The process of claim 1 wherein said aminoalkyl sili 
cone coloring assistant is applied to the substrate mate 
rial from an aqueous solution containing a monobasic 
organic acid. 

6. A solid, ?brous or pulverulent material colored with 
a coloring agent selected from the group consisting of 
anionic dyestuif and pigment colors and having provided 
thereon an aminoalkyl silicone coloring assistant selected 
from the group consisting of monomeric aminoalkyl si 
lanes, aminoalkylpolysiloxanes, copolymers of amino 
alkylpolysiloxanes with at least one other polysiloxane 

10 

15 

36 
free of aminoorgano groups, such aminoalkyl silicone col 
oring assistant contains one amino substituent for each 
aminoalkyl group therein and the nitrogen atom of the 
amino is connected to a silicon atom of the silicone di 
rectly through a divalent hydrocarbon radical and the 
amino nitrogen atom is separated by at least three carbon 
atoms from the silicon atom. 
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UNITED STATES PATENT OFFICE 

CERTIFICATE OF CORRECTION 

Dated December 8 , 1970 Patent No. 3 .545 ,909 

Inventor(S) Domenick D. Gagliardi 

It is certified that error appears in the above-identified patent 
and that said Letters Patent are hen-wiry corrected as shovm below: 

Column 2, line 33, duluLi: second appearing comma after "cloth' 
line 40, "vairous" should read -=-various“--. Column 3, line 6.‘ 
"printing" should read -~spinning--; line 65, "difficult" shou 
read --difficultly--. Column 1+, line 37, "pressure" should :1 
—-presence--. Column 6, line 7, "coneentratitions" should re: 
--concentrations--; line 3h, "soluion" should read --solution< 
Column 7, line 29, "proces” should read --process--. Column ll 
line 8, "ionexchange" should read --ion-exchange—-; line 16, 
"H2 0" should read "H20", Column 11, line 47, "nit" shouh 
read —-not——. Column 13, line 20, "deltaaminobutylmethylpoly‘ 
siloxane" should read ~-delta—aminobutylmethylpolysiloxane~-. 
Column 15, line 2, "pro-" should read --pri- -—. Column 22, 
line 37, after "of‘I insert --a--; line 40, "hydro" should reai 
-—Hydro--. Column 23, line 28, "corloring" should read 
--coloring--; line 36, "diflerent" should read —-different--; 
line 67, "22.590" should read --22590--. Column 25, line 1, 
"developed" should read ~-deve1op--; line 59 , "conventration" 
should read "concentration"; line 69, "bettter" should read 
--better--; line 74, "difficulty" should read --difficultly- 
Column 26, line 10, "Naphthol" should read --Naphthol--; line 
last column of numbers under "Napht'nol" are all incorrect and 
should read in sequence -V--l, 3, 4, 3, 3, 4, 3, 2, 2, 2, l--; 
line 19, the "4" under nNaphthol" relative to No. 1 should re; 
--l--; line 72, "batth" should read --bath--. Column 27, 11m 
23, "are" should read "were". Column 28, line ll, "in" 
should read --on--; line 27 , "(2)C.I. 5440" should read 
--(2)C1I.53440--0 I 
Column 29, line 52, after "which" insert --was—-. Column 30, 
line 20, column of numbers under “Treated", the figure "3" is 
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It is certified that error appears in the above-identified patent 
and that said Letters Patent are hereby corrected as shown below: 

backwards. Column 33, line 21, nfibed" should read --fiber- 
line 41, "curved" should read --cured-=--. Column 34, line 54, 
"aded" should read --added--. 

Signed and sealed this 1st day of October 1974. 
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McCOY M. GIBSON JR. C. MARSHALL DANN 
Attesting Officer Commissioner of Paten 


